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PHYSIOLOGY OF THE COLON 

LAWRENCE M. LARSON, M.D. 

Fellow in Surgery, the Mayo Foundation 

.AXI) 

J. ARNOLD r.ARGEN, M.D. 

ROCHESTER, .MI.V.V. 

Ihe large intestine in mo.«t animals, including man, is generally 
regarded as possessing merely storage function similar to that of a catch 
basin so that defecation mav take jtlace at a convenient time. In other 
words, it is looked on as a fixed tithe, or system of tubing, present 
mainly to transmit feces. Metchnikoff's claim that man at one time 
made use of his large intestine as a reservoir, enabling him to pursue 
his prey or run away from enemies without undergoing risk of stopping 
to evacuate the bowels, no doubt contains much truth. However, hi^‘, 
belief that people can live without this portion of the intestine, and that 
of Lane,^ Waugh - and others regarding intestinal stasis and other pos- 
sible evils for which the colon can be responsible, have thrown this 
organ into disrepute and probably have discouraged extensive study of 
its physiolog)'. It is true that individuals can live without the large 
intestine; that certainly is no proof of its uselessness. On the other 
hand, it is no doubt true that this organ is undergoing a process of 
evolution better to suit changing needs and fashions, a fact which 
especially emphasizes itself in a consideration of present-day dietary 
standards. Under the conditions of living in the twentieth century, it 
IS true that in certain instances the colon can be removed and not be 
missed, yet that does not prove that it is of no significance in human 
sconom}^ It also ma}^ be possible that the organ has outlived its use- 
fulness in the process of development of the bod}', but there can be no 
doubt that in lower animals its functions are definite and its loss is 
3-ttended with serious results. However, in man, although to less extent, 
possibly, it has been proved that the colon can be removed without injury, 

Abridgment of a thesis submitted by Dr. Larson to the Faculty of the Graduate 
^chool of the University' of Minnesota in partial fulfilment of the requirements 
or the degree of Doctor of Philosophy in Surgery. Work done in Division, of 
^Perimental Medicine, the Mayo Clinic. 

L Lane, W. A.: The Operative Treatment of Chronic Intestinal Stasis, ed. 4, 
ondon, Henry Frowde, 1918. 

2. Waugh, G. E. ; The Morbid Consequences of a Mobile Ascending Colon, 

^ Record of 180 Operations, Brit. J. Surg. 7:343 (Jan.) 1920. 
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and there is no question as to the advisability of colectomy in such 
uitions as multiple diffuse polyposis. 

From a study of the physiology of the large intestine it may be con- 
cluded that It IS a bifunctional organ and, indeed, when one considers 
Its embryologjc development such a conclusion is obvious. Beginning 
low m the pelvis in the embryo and ascending upward in the median 
line, or slightly to the left, in the early months of fetal life the colon 
IS a left-sided organ up to the splenic flexure, and it remains so in after- 
life, held m place by peritoneal fusion. From the splenic flexure, it 
festoons itself across the abdomen to another fixed point under the liver, 
arriving there at about the third or fourth month, whence it extends to 
the right iliac fossa to a semifixed situation in adults. This rotation 
around the superior mesenteric vessels is counterclockwise and constant, 
except in a small number of variants. In addition, the left half of the 
colon is developed from the hindgut, whereas on the opposite side it 
takes its origin with the small bowel below the papilla of Vater from 
the midgut, or the absorptive portion of the gastro-intestinal tract. This 
embryologic difference and the development of the proximal portion of 
the colon with the small bowel earl}'^ called attention to the fact that 
there must be dissimilarity of ph)^siologic function in the two hah^es, 
and the normal association of the proximal portion of the colon with 
the small bowel from the standpoint of physiology was readily estab- 
lished. Anatomic differences in conformation and construction in the two 
halves likewise indicated a difference of purpose. When pathologic 
processes developed, a study of them indicated that different types of 
lesions were found as a routine in the two arms of the colon, producing 
different symptoms. For example, a malignant lesion of the right side 
of the colon clinically called attention to itself by disturbances of the 
physiologic equilibrium, in sharp contradistinction to the obstructive 
phenomena characteristic of the distal part of the colon. 

The cecum has long been regarded as a second stomach of primary 
significance in digestion and absorption, especially regarding cellulose in 
the herbivora ; likewise, its enormous variation in size and appearance 
in various animals has been a subject of comment b}- many authors. 

It is regarded as of much shorter heredity than the small bowel and 
with a function which has been changing in tlie process of )ts cvolii- 
tion, so that definite statements regarding the physiology of tins portion 
of the bowel cannot be made which hold true m all instances 
eral, it may be stated, however, that the function of the right ha o 
the colon is an absorptive one and that its movements are so ^ J- 

that progress of the food is slowed and thorough tnixirif, ts assurer 
“oring absorption. In the human being, vep- ... e , .gost.on tn ■ ■ 

See here, although in some herbivora. especially tn the ■"‘j - 

Sdence that considerable takes place. The left port.on of the k.r-s 



LARSON-BARGEX— PHYSIOLOGY OF COLON 


3 


intestine has a longer heredity : its functions are likewise more fixed, 
and in most animals it has been established that this portion acts more 
or less as a magazine for storage of residue. In general, the contents 
here are hard and more or less incompressible, whereas those of the 
right portion of the colon are semiliquid, so a rough division of the 
functional behavior ma}’ he made on this point alone. The mechanical 
activity of the two portions hears this out as the most distal part acts as a 
duct through which the contents are evacuated. It is thus seen that 
priinarilj' the function here is propulsion and expulsion. Besides the 
luotor and absorptive functions, the plwsiology of the colon includes 
that of secretion and excretion, the latter being no less important than 
the others and no doubt linked up with the elimination of poisons and 
toxins, as well as with the formation of the normal secretions of the 
colon. 

MOVEMENTS OF THE PROXIMAL PORTION 

The movements of the large intestine have been investigated by 
many writers, yet there are man}' points which still remain unsolved. 
Researches in this field have been conducted from many angles of 
3-Pproach, such as b}'’ the use of an abdominal window, by isolated strips 
of bowel, by obsendng the effect of section of nerves, by the use of 
various diets, by the action of drugs and by the use of pressure methods, 
such as balloons, and in recent years the use of the roentgen ray with 
^ contrast medium has been invaluable in the study of the physiology 
of the colon. 

After the introduction of roentgenoscopic methods in 1896, attention 
vas drawn to many misconceptions in the field of gastro-enterology and, 
in a great number of cases, conditions which had formerly been con- 
sidered anatomic variations were found instead to be normal physiologic 
movements ; consequently, numerous revisions of the concepts of func- 
tions of the small and large intestines Avere necessary. 

The first extensive study of the moA'ements of the large bowel seems 
to have been made by Cannon ® in 1902, who, b}'' means of the roentgen 
^^3% traced an opaque meal cortsisting of bismuth subnitrate mixed with 
Salmon through the alimentary tract of the cat. Valuable deductions 
"ere made. In the cecum of the animal he found the most common 
iiOAements to be antiperistalsis, as contrasted to the tonic rings of 
^ntraction and propulsive waves in the descending portion of the colon. 

hese waves, he noticed, followed one another like those of the stomach, 
^egiuning either at the more advanced portion of the content in the 
Or at the nearest tonic constriction, which he observed was fre- 
at the termination of the transverse segment of the colon. 

the B. : The l^Iovements of the Intestines Studied by Means of 

^ontgen Rays, Am. J. Physiol. 6:251 (Jan.) 1902. 
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le first sign of activity was an irregular undulation of the walls 
of the organ; then faint constrictions passed backward to the cecum. 

hey usually appeared at first only in the region of the ascending colon, 
but often started near the end of the transverse segment and passed 
without interruption to the tip of the cecum, where new waves of peri- 
stalsis were inaugurated, and these waves finally succeeded in carrying 
food to the distal transverse colon. The activity was periodic with 
gradual disappearance of movements in a manner similar to that in which 
they appeared. Such a period of antiperistalsis lasted usually from 
four to five minutes and it was repeated at varying inten^als, often 
from three to six times an hour. About twenty-five waves affected any 
one particle of food so that the result was a thorough mixing of con- 
tents, favoring close contact with the absorbing surfaces. These waves 
in the proximal part of the colon were definitely influenced by psychic 
factors. Cannon ^ inhibited these movements by holding the cat’s nose 
so it could not breathe, and this in time stopped the movements alto- 
gether. There was no cessation of contractions during sleep; likewise, 
the movements continued during the night. JacobjA in 1890, seems to 
have been the first to recognize antiperistaltic movewents in the colon, 
and although he did not describe them in detail, he did state that they 
seemed to originate from a more or less broad constriction ring. He 
used cats in which he produced colchicum poisoning, and his studies 
were made primarily on the small bowel. 

Elliott and Barday-Smith,® in a thorough study of antiperistalsis, 
using etherized animals under saline baths and injecting pea soup into 
the segments of bowel studied, made observations which in genera! 
agreed with those of Cannon. They also classified the different move- 
ments of the colon in a manner to explain the varying morphologic 
differences of that part of the alimentary tube in various mammals. 
Such difference, they stated, is related to habits of diet and not neces- 
sarily to zoologic classification. In the cat they found antiperistalsis, 
or backward-running waves of constriction, inherent throughout the 
length of the colon, and not confined to its proximal portion ; yet, as 
a rule, this regressive movement was rarely present except in the ascend- 
ing, transverse and cecal segments. In the herbivorous animals, such 
as the guinea-pig and rabbit, in which, as Starling ® noted, a large part 
of the process of digestion and absorption goes on in tlie pro.vimal por- 
tion of the colon, the latter is adapted for this, being capacou.s with 


Carl : PhamaMoeM.e Umcrsuctonc 

krdi f- exper. Path, u. Pharmakol. 27:119 (Apnl ID) ■ 

j 1 Crr,;fV. F ■ A.ntipcnsfa!sis and Other 
5 Elliott, T. R., and Barday-Smith, i... 

of the Colon, J. Physiol. 31:272 (June oO) 1904. 

ratline. E- "I A !■'- 

5: Febiger, 1926. 
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big absorbent flaps of mucous membrane projecting into its interior. In 
the guinea-pig, these form a valve between the cecum and the proximal 
half of the colon which can resist a pressure of several inches of water 
seeking exit to the colon, but which yields readily to fluid moving with 
the current of antiperistalsis. 

In Elliott and Barclay-Smith’s studies on the dog, they never saw 
antiperistalsis, although the cecum contracted often and with apparently 
great force, but it did this with complete independence of movements 
in the other portion of the colon. The}"- consider the cecum in the dog 
nonfunctional and dwindling, and that the current that has produced it 
has disappeared. This, in general, is in agreement with Bayliss and 
Starling’s " observations, who considered the motor activity of the dog’s 
colon as peristaltic; similar studies by Zondek® and also by Lurje ® on 
the cat, rat, guinea-pig and other mammals confirmed Elliott and 
Barclay-Smith’s results. Templeton and Lawson,^® in their studies on 
the movements of the large intestine of the dog, by a system of balloons, 
were unable to detect any contractions which they could classify defi- 
nitely as antiperistaltic. 

In 1909, Cannon again carefully studied the movements of the 
colon and, in corroborating his former observations, attempted to explain 
the origin and mechanism of antiperistalsis. He regarded the presence 
of tonic rings of constriction as of significance in the initiation of both 
peristaltic and antiperistaltic contraction, in substantiation of findings 
described by Biedermann in 1904. He designated these tonic waves, 
in the colon as well as in the small bowel, as a persistent shortened 
condition of the musculature and suggested that it was due to continued 
excitation. Cannon,^® in 1911 and 1912, reported further work along 
this line and emphasized the importance of internal pressure in its 
influence on movements of the colon. With the presence of a tonic ring 


7. Bayliss, W. M., and Starling, E. H. : The Movements and Innervation of 
1 e Small Intestine, J. Physiol. 24:99 (May 11) 1899; The Movements and the 

nnervation of the Large Intestine, ibid. 26:107 (Dec. 31) 1900. 

8. Zondek, B.: Study of Peristalsis, Arch. f. Verdauungskr. 27:18, 1920; 
'iDstr., J. A. M. A. 76:346 (Jan. 29) 1921. 

Lurje, H. S. : Untersuchungen fiber die motorische Funktion des Dick- 
IV. Untersuchungen am uberlebenden Dickdarm, Arch. f. d. ges. Physiol. 

2.12:64, 1926. 

10. Templeton, R. D., and Lawson, H. : Studies in the Motor Activity of the 
rge Intestine: I. Normal Motility in the Dog, Recorded by the Tandem Balloon 
'lO'od, Am. J. Physiol. 96:667 (March) 1931. 
p, ^1; Cannon, W. B.: Further Observations on the Myenteric Refle.K, Am. J. 
O-Vsiol. 23:xxvi, 1908-1909. 

12. Biedermann, W. : Studien zur vergleichenden Physiologic der peristaltischen 
C'vcgungen, Arch. f. d. ges. Physiol. 102:475 (May 21) 1904. 

13. Cannon, W. B. : The Relation of Tonus to .\ntiperistalsis in the Colon, 
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a nd action, the interna} pressure on adjacent parts of the intestinal 
iMaised, the contraction regions nearljy tlnis being distended and 
MinniJatcd, with Avaves passing in each direction. HoAvever, he explains 
i lat as the contents of the colon arc more viscous as they approach the 
median portion, so in the presence of a tonic ring, with fluid on one 
side and a viscous mass on tiie other, the effect would be different. On 
tlie side of the latter, the ring could not distend the Avail and the wave 
Avould not pass distally, but proximally (antiperistalsis). The distal 
content could be moved by a contraction of the ring, and this is Avhat 
fflliott and Barclay-Smith saAv in the rat and other animals. If the 
contents AA-erc soft, the movements AA'ere likely to be antiperistaltic, but 
if the contents AA-ere drA’ and hard, peristalsis aa'Bs the usual result, thus 
showing that the consistence of the feces Avas of significance in determin- 
ing tile type of moA-ement present. The tonic ring of contraction Avas 
maintained after destruction of the spinal cord and, no doubt, the result 
of increased internal pressure. Ball! has enumerated seA^en definite 
situations in the colon Avhich, in realitA', are spastic areas, although he 
designated them as sphincters, and further stated that these are the 
points of origin of antiperistaltic and peristaltic AA'aves, They are as 
folloAvs: (1) in the ileocecal area; (2) betAA'een the cecum and the 
ascending colon ; (3) in the cecocolic area in the proximal segment of the 
ascending colon ; (4) in the transA^erse colon, at the juncture of its first 
and third portions ; (5) at the splenic flexure; (6) at the juncture of the 
sigmoid and descending portions, and (7) betAveen the sigmoid and the 
rectum. Other factors influence these waves, such as intestinal gases, 
and Henderson has shoAvn that the carbon dioxide content of the 
blood may be of importance to a certain extent in the activity of the 
boAvel. 

In 1918, Alvarez and StarkAveather,^® studying intestinal gradients 
of rhythmicity, irritability and metabolism, shoAved that these Avere 
present in the colon as Avell as in the small intestine. They suggested 
that the herbivora, with their rough, less easily digested, bulky foods 
and their thin- walled boAvel, need a more even gradient than the car- 
nivora. In the cat and the dog, the loAver end of the gradient was often 
reversed, and this may save these animals from frequent calls to defeca- 
tion. Accentuation of this reversal of gradient, they explain, may 
present Avith some types of constipation. 


14 BalH R • The Sphincters of the Colon, Radiology 12:484 anne) 1929. 

SeL, Y,,.:..,- a....- <or 
Peristalsis of the Stomach and Intestines, Proc. 

1908-1909. -c • Thp Metabolic Gradient Under- 

16. Alvarez, W. C., and StarkAveather Esther . The M f b 

„i„g Colonic Peristalsis, Am, J. Physiol. 47.'293 (Dec.) 1918. 



LARSOX-n.-SRGHX—PHYSIOLOCy Of COLON 


7 


Meltzcr and Auer '* watched the iutestiiiai movements through the 
shaved abdominal wall of the rabbit and saw peristaltic waves, but did 
not mention antiperistalsis : likewise. Alvarez stated that in this animal 
peristaltic waves seem to be very rare. 

Thomas and Kuntz observed reversed movements near the cecum 
in a dog, and Lenz,'® using a celluloid abdominal window in a cat, defi- 
nitely established the presence of antiperistaltic war-es. regarding them 
as movements of retention. Likewise. Easier.'* in 1909, saw churning 
movenjcnts in rats and cats. Groves, in 1909. injected a colored fluid 
into the rectum of a bov with a cecal fistula and saw this fluid come from 
the fistula in jets everv four or five minutes. It was not in a continuous 
stream, so he was stronclv inclined to the view that antiperistalsis was 
responsible for the backward movement of this fluid. Smith-Shand 
, Saw large antiperistaltic waves in the proximal portion of the colon in 
a case of obstruction of the colon at the sigmoid flexure, and Schwarz - 
saw a similar tvpe of movement in a patient with chronic constipation. 

Further evidence of tlie presence of antiperistaltic waves in the 
proximal portion of the colon has been substantiated by experiments 
in which reversal of a segment of the cecum or ascending portion of the 
colon has been done. This type of work is similar to that done on the 
small bowel in which these waves no doubt take place. In 1907, Beer 
and Eggers^^ reversed 6 inches (15 cm.) of ascending colon and 
obtained results similar to those found after a similar operation has 
been done on the small bowel ; namely, peristaltic waves descend f roin 
the ileum across the upper anastomosis and then along the reverse 
loop but stop at the distal anastomosis. Circular contractions follow 
each other in the reversed loop in the same direction as normal peristaltic 
'vaves. Likewise, as in the small intestine, the reversed segment o 
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colon conlams foreign !)Oflic.s, and dilatation at the upper union takes 
pace wlicre the opi)osed iicristaftic waves meet. Fluid material passes 
hrougli the loop readily, ft is believed that antiperistalsis takes place 
here,^ propelling the content of the loop onward, yet the results are not 
convincing since ada{)tahility of the bowel to new conditions may explain 
the entire situation. In 3923. Mucnnich studied antiperistalsis on 
c.xclnded inte.stinal segment.s. He found (contrary to Roith’s opinion 
that antijieristaltic waves cease from the middle transverse portion of 
the colon downward) that thc}- seemed to be present in the entire organ. 
He demonstrated a iiackward flow in cases of ileosigmoidostomy, thus 
explaining the filling up of the colon back to the cecum and no doubt 
resulting in the untoward symptoms seen in cases of this nature. 
Albrecht reported a similar case, and likewise concluded that anti- 
peristalsis in thg excluded segment was the explanation of the phe- 
nomenon. Blanioulier,'^ in 1925, using roentgenoscopic methods, saw 
antiperistaltic waves in all portions of the colon except the rectum, and 
even occasionally noted them in this segment of the large intestine. 
Cannon,’” in 1911, stated that reverse movements are present, and that 
retrogression of feces from the rectum may take place by this movement. 

It commonly occurs after repression of desire for defecation. However, 
the rectum may often lie full of feces, as Alvarez’® and other clinicians 
have found during examinations of the pelves of women, so that retro- 
gression is not always the rule. 

The possibility that antiperistaltic movements can be the cause of 
vomiting has been disputed. Beer and Eggers and Nothnagel stated 
that vomiting of formed feces and of enemas introduced into a normal 
gastro-fntestinal tract cannot be explained on any other basis. Alvarez 
quoted a number of authors who have observed the stomach in vomiting 
and rarel}'^ haA^e they observed reversed rnovements. Alvarez suggested 
that a general reversal of the intestinal gradient may occur in which 

the colon takes only a small part. 

Colored substances have been injected into the rectum and the su 
sequent course watched. Bond, in 1905, showed that particles of car- 
mine can travel from the anus back to the cecum and even ig er y 

25. Muennich, G. E.; Unilateral Intestinal E.xdusion, Surg., Gynec. & Obst. 

36:773 (June) 1923. . . , mAnsrlilirhen 

26. Roith, O.: Ueber die Peristahik und 
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27. Albr;cht. Hans: Zur Frage der Antiperktaluk - Dickdarm be. schwerer 

Obstipation, Munchen. med. Wchnschr. . Sjques du gros intestin, Paris 

28. Blamoutier, P.: Les mouvements antipenstalt.ques g 

med. 55:325 (April 4) 1925. Phvsiologie und Pathologic des 

29. Nothnagel, C- W. H.: Beitrage zur Phy g 

Darmes, Berlin, A. Hirschwald, 1884. 
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“reverse currents.” Griitzner/® N'othnagel and Starling used similar 
methods, but their conclusions were against the presence of so-called 
reverse currents. However, their experiments were performed on dogs, 
and in these animals antiperistalsis probably does not occur, at least not 
to any considerable degree. 

The introduction into the rectum of an enema, such as saline solu- 
tions, by means of the Murphy drip proctocl 3 'sis, is followed by trans- 
portation by antiperistalsis of the fluid to the proximal or absorbing 
portion of the large intestine, and explains the disappearance of large 
quantities of fluid introduced in this manner. 

Roentgenographic studies on antiperistaltic movements in the colon 
of man have contributed much of value. Stierlin,’^ in 1910, and Stierlin 
and Fritzsche saw reverse transport of feces in the colon of baboons 
but could detect no such activity in the large intestine of man. Kaestle,®® 
in 1912, Serena,®^ in 1913, and Guarini,®^ in 1919, were of the same 
opinion, after making studies of a similar nature. Schwarz,"® in 1911, 
found contractions occurring in an anal as well as an oral direction, but 
could not determine which were most pronounced. Hertz and Newton,^" 
in 1913, by filling the colon with an average-sized opaque enema, saw 
the fluid run passively to the cecum but with a slight excess. Contrac- 
tions were stimulated, and the fluid passed in both directions from con- 
tracting segmental rings. The latter were associated with a desire to 
defecate. In agreement with Walsham and Overend and Isemein 
and Poinso,®“ they were still in doubt as to whether these waves were 
antiperistaltic. 
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(Ine^tn -fv” I'Ctrotransport of feces in the colon of man 

i Kt 11 ii r’f •' r ‘T he did not co.i- 

;,, . . ,■ Case " stated that reversed 

ut tlK) nw) become exa^memted w the presence of obstruction lower 
luis losultm,^ in stasis in the proximal segment. He called attention’ 
o the fact (hat many \vritcrs have described gangrene of the cecum 
associalcd wu(i obstruction in the pelvic or sigmoid portions of the colon, 
and explained the jdienomcnon as due to waves of antiperistalsis originat- 
tug at^ a tonic contraction ring creating back pressure, resulting in 
distention of the cecum. Blamoutier,-^ in 1925, definitely saw this 
hpe of contraction ring from which waves of antiperistalsis seem to 
ntisc. lie commented on the fact that the ileocecal valve would soon 
atroph\- if it were not for the presence of reverse waves. 

Mot'cments other than antiperistalsis take place in the proximal 
colon. Cannon '' slated that there are several of these, the first of 
whicli he called the serial sectioning movement. This consists of the 
seixiration of a small segment in the cecum by a constriction, followed 
h.v a second constriction which cuts oft' another segment just above the 
first, and with the disappearance of the first constriction, the separated 
segments unite. A third segmentation then takes place above the second 
and the changes again occur, thus sectioning the whole mass. Another 
movement consisting of broad constricting bands appearing and relaxing 
results in a gentle kneading of the contents. He also noted other move- 
ments in the ascending colon, such as strong constricting rings, forcing 
the contents into the transverse colon. Sometimes these started at the 
ileocecal valve, but more often they originated in the ascending portion, 
usually without visible stimulation. Elliott and Barclaj'-Smith found 
^vhat they called “propulsive peristalsis” which was present throughout 
the colon in the animals they studied and which was responsible foi 
the downward movements of the contents, 

Holzknecht’s opinion was that the colon of man rests most of the 
time and is active only three or four times each day. He saw 
masses of feces pass through the colon for a considerable dis- 
tance almost instantaneously and called them “mass movements. 

Der retrograde Transport im Dickdarm des Menschen, sein 
Wesen, sein; physiologisdie und klinische Becleutung, Arch. f. Verdauungskr. 25: 

T/ ase Tt. : Surgical Physiology and Pathology of the Coton from the 

“Irs: r ssss’JSi. ...... ... 
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<;chr 2:2401 (Nov. 23) 1909. 
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These belong more properl)* to movements of the left half of 
the colon and will be considered later. Stierlin found that the 
cecum possessed the least motor capacity of any portion of the colon. 
Schwarz, in his fluoroscopic work on the large intestine, found that the 
latter was never at rest but was continually moving and at times capable 
of very intensive, rapid contractions, leading to considerable displace- 
ment of its content toward the anus. The observations of Kaestle. 
Hertz and Newton, Case, Walsham and Overend, Hertz,'*'* Lenz,*” 
Lignac,'*® Guarini, Isemein and Poinso, and Blamoutier are of similar 
nature. 

In summarizing the movements of the proximal portion of the colon, 
it may be stated that this segment is a mixing and absorbing one, and 
the movements here are not so pronounced or well defined as in the 
remainder of the large intestine, which is the propelling segment. 

Functions of the Haustra and Taeniae. — At this point, it may be 
well to consider the functions of the haustra. Lineback *“ has made 
the most recent and most extensive studies on the subject. On the 
outer surface of the colon there are three lines of thickening of the 
longitudinal muscle layer called the taeniae, which are well defined in 
the adult. These are shorter than the colon ; so they have the property 
of decreasing its length and thus causing the intervening parts of the 
intestinal wall to be drawn or puckered into folds called haustra. 
Kaestle and Katsch *' think these folds may be produced by the local 
constriction of circular fibers, but it is probably true that both factors 
operate to produce the condition. Lineback, corroborating Lowitz’s 
observations, showed that many small bundles of fibers pass from the 
longitudinal layers to the circular laj-ers, so that the latter are somewhat 
thinned in the region of the taeniae. By roentgen studies he noted that 
the waves of contraction in the circular muscle which produce clefts 
in each of the three regions between the taeniae occur independently, 
and rarely do two clefts or zones of contraction occur exactly opposite 
each other on each side of the taeniae. The effect is usually limited to 
one region between the taeniae. This is due mainly to the fact that the 
circular fibers are not strong enough to draw down the taeniae into a 

44. Hertz, F. ; Constipation and -Mlicd Disorders, London, Henr\- Frowde. 
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cleft ;m(l the hitter, tliercfore. ;ict njore or less as strong, fixed, hngi- 
iKini.iI c.'ilile.s on winch the former pul). Thaysen,''® in 1916 by 
uientprcn studies, found that the shape. of the haustra could be altered 
>y tlK' finer contractures of the circular muscles within them. Courtade 
.ind Guyon.-'' sUuhing both of these layers, concluded that the inferior 
niesenteric nerve princijwlh’ controlled the circular muscle, and the sacral 
nerve the lon^dtndinal muscle, which confirxned Biedermann’s “ work, 
'‘'".ttfTeslin!,'' sejiaratc nerve control of the two layers. 

Kaestic studied the function of the haustra minutely in his fluoro- 
scopic work on the colon of man. especially those in the proximal por- 
tion. and showed that here the food is thoroughly kneaded and mixed 
by their alternate broadening and narrowing. He also observed complete 
contractiofi of the haustra. either singly or simultaneously in groups, 
concluding that the occvirreuce of deep haustration was physiologic and 
emphasizing that it was not a spastic phenomenon. He also saw changes 
in positions of the haustra due to narrowing and widening of the colon 
over varying lengths, and in the distal part of the colon haustral 
jirocess'cs were not so complicated although invaginations and bulgings 
were observed, as well as segmentation of spherical balls of feces. Hertz 
and Newton compared the haustral movements to segmentation of the 
small bowel, and Case, and Howell found them almost constantly in 
action, mixing materials and aiding in propelling the contents onward. 
Rutherford observed in a patient with a fistula of the cecum that a 
haustrum grasped a small, moist mass of feces, enveloped it, and then 
retained it until dry,’ when it was pushed back into the lumen of the 
bowel. 

Mcchemwn of Peristalsis in the Colon.— The mechanism by which 
movements of the digestive tract, as well as those of other involuntary 
muscles, take place has been carefully worked out by a number of 
investigators, but with by no means conclusive results. It has been 
well established that rhythmic contraction is an inherent property of 
muscle and muscle-like tissue, which fundamentally is brought about 
by recurring cycles of chemical activity, and no doubt these are myo- 
genic in origin, although tliey can be stimulated and coordinated by 

49. Thaj^en, T. E. H. : Ueber den Bau und die Entstehung cier Haustra coli, 
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nerves and nerve plexuses. In ihc bowel this is done especial!}" by 
Auerbach’s plexus which is attached to the longitudinal coat and com- 
municates outside the bowel by the extrinsic nerves. Whether these 
movements downward are explainable according to Bayliss and Star- 
ling’s ' law of the intestine, to Keith's theor}" of nodes or to Alvarez’s 
gradient idea is not yet proved. The happenings in the gastro-intestinal 
tract are readily explained b}- the presence of gradients, and Alvarez 
conceived of a number of these as present, such as of pulling force, of 
tone, of rhythmicity and of irritability, although he considered the 
fundamental and underlying gradient metabolic, and gave logical and 
clearcut explanations. 

There have been many explanations regarding the mechanism by 
which the movements of the colon take place. Bayliss and Starling,''^ 
in 1901, saw contractions in the dog pass from the ileum directly on 
over to the large intestine, and these were present also after complete 
enervation of extrinsic nem-es. Alvarez, however, considers the ileo- 
cecal sphincter a barrier to most of the movements as well as to the 
contents of the ileum, although he saw a few waves pass on down into 
the colon in a rabbit. He presented evidence showing that by the folding 
of the muscle layers this leads approaching waves into a blind pocket 
where they are lost. This is in agreement with Luciani’s observation 
that peristalsis of the colon is usually not a continuation of that of the 
small bowel. Alvarez and Starkweather show that irritability in the 
cecum is low, probably due to the poor development of Auerbach’s 
plexus here, which accounts for the fact that it acts so well as a reser- 
voir and is little influenced by movements elsewhere in the digestive 
tract. Many cases of so-called cecal stasis have been attributed to 
defects in Auerbach’s plexus, as well as to the position of the colon and 
to maldevelopments. 

Bayliss and Starling considered inhibition to take place below the 
point of stimulation in the large as well as in the small bowel, and the 
same inhibitory effect to take place below a descending peristaltic wave. 
They found it difficult to demonstrate an ascending type of excitation 
in the colon, as compared to the small bowel, but they concluded that 
the movements are under the control of a local nerv"e mechanism, and 
peristaltic waves are due to a combination of ascending excitator}" and 
descending inhibitory impulses. Their opinion was that these usually 
started in the local ner\"e plexuses due to the presence of a stimulating 
agent in the lumen of the bowel. Cannon found a refractory period 
present during the period of shortening, similar to that found in the 

54. Keith, Arthur: Cavendish Lecture on a New Theorj' of the Causation of 
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^imh niu( sinaH howc!. Elliott and Barclay-Smith studvin^ tu 
oj .-i>,li,,crisl,.,|,ic rara, pre«„ned them to be teJdJte 
m.u>ge,„c rt.s,,.,„ses t„ .listc.lion m.d correlated then, to the 
~ns of the amall l.otvel. Aivarees gradient idea tplato" Ih 
phutomcia of n.ovemetils i„ the colon in a logical n, .inner. The ileo- 
tct.il splmickT norniaHy lias a gradient of irritability higher than 
IMt of the ilciitn, thus explaining backivard reflection of waves over 
(he iJcnin. the s[)hinctcr functioning as an effectual barrier. The 
muscle of the colon is more sluggish than that of the ileum, and 
segments of the tip of the cecum were less irritable than those from 
the base. In studying the movements of the cecum, he found the 
giadiont to be upu'ard from the base of tlie cecum, through to the 
lomatiKlcr of tiie colon, tinis explaining its reservoir function. He 
showed that normally the tone of the rectum and sigmoid is higher 
than tiiat of the colon immediately above; this he noted to be helpful 
in keeping fecal matter from packing up against the sphincter, and 
this explains how sometimes feces are returned to the upper part of 
tiie colon when defecation is postponed. Defecation can be readily 
supposed to take place when the gradient above becomes so steep or 
that of the sigmoid and rectum so lowered that the fecal material moves 
downward. In’ a similar manner, interference or an abnormal gradient 
may explain constipation, postoperative ileus, vomiting, gastric dilata- 
tion and dyspepsia. 

Studies of Movements of the Cohn zvitii Various Types of Enemas. 

— ^The introduction of the opaque enema along with roentgenoscop)'' or 
fluoroscopy, and the use of other types of enemas, have afforded an 
important means of studying the physiology of the colon. Cannon,® 
in 1902, made many observations, using roentgenographic methods, and 
tliought that enemas in general stimulated antiperistalsis of the colon; 
the movements sometimes lasted over an hour, but usually they were 
not strong enough to force the contents through the ileocecal valve unless 
tlie enemas were very large. However, he once saw these waves in a 
normal subject, after using an extremely small enema, so came to no 
definite conclusions. In the cat a small enema of 25 cc. of the opaque 
mixture first lay in the descending colon; then reverse u^aves were soon 
set up and the material was forced back into the cecum Imt noth.ng 
went through into the small intestine. Wrth from 90 to 100 cc., i n as 
often observed to pass through the ileocecal valve. Schwarz, m 1911, 
found that considerable stimulation to contraction of the colon n. 
nUained bv use of various enemas, and his observations m human beings 
■ were similar to those of Drummond,®® aa'ho noted that enemas lare!} go 
beyond the cecum; in other words, the ileocecal valve was usually com- 

“ir^mond, Hamilton : Obseri.Hons on f 
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petent. Hertz found that if more than 750 cc. of fluid was used in 
human beings, the colon contracted and expelled the contents, and he 
thought that hydrostatic pressure alone brought about passage of fluid 
to the cecum. Drtunmond tried this on cadavers and found that the 
fluid passed backward just as rapidly as in the living person. 

Joltrain, Baufle and Coope produced pressure of various kinds in 
the large bowel and noted the effects. They found that the normal colon 
can hold about 1,000 cc. of fluid, which they computed was under a 
pressure of from 16 to 20 cm. height of water and created no distress. 
With various diseases of the large intestine tire capacity was much less 
and the pressure under which it was retained was much greater. When 
the pressure rose to around 30 cm. of water, with a volume of 3,000 cc. 
in the colon, the patients complained of pain and distress. Burt 
determined the pressure required to rupture the bowel at various levels 
by the introduction of air. He found the rectum to support the greatest 
average pressure, with the sigmoid, ileum, esophagus, jejunum, trans- 
verse colon, cecum and stomach in order of their rupture. The greatest 
pressure supported was 11.59 pounds per square inch. In the rectum of 
a child, aged 11 years, and in adults, the average was around 8.36 
pounds per square inch. The practical application of Burt’s work lies 
in the emphasis of care in instrumentation in proctolog}-, in administra- 
tion of enemas and in the breaking up of impacted fecal masses. Frieden- 
wald and Feldman,®® in 1931, studied the detrimental effect of prolonged 
use of various enemas. Using tap water once daily for one hundred 
and fift)'-five days, they saw a few hemorrhagic areas in two of three 
animals; with soap, only one of three had this appearance: with cotton 
seed oil, there were no changes, but with a solution of sodium bicarbo- 
nate, the typical clinical and pathologic picture of chronic ulcerative 
colitis was produced in each of the animals observed. 

Betz found reflex contraction of the large intestine after the injection 
of a glycerin enema as high as the hepatic flexure, and Alvarez’s view 
is that many times the effect may go much further. He voiced the 
experience of others in noting that patients occasionally become nau- 
seated from ordinary injections of physiologic solution of sodium 
chloride and vomit when amthing a little more irritating is introduced, 
such as soap, glycerin, turpentine or dextrose. This also gives founda- 

57. Joltrain, E. ; Baufle, P., and Coope, R. : Essai de mesure de la pression du 
gros intestin. Ses variations. Application a la clinique, Bull, et mem. Soc. mied 
d. hop. de Paris 43:211, 1919. 

58. Burt, C. A. V. : Pneumatic Rupture of the Intestinal Canal with E.xperi- 
mental Data Showing the Mechanism of Perforation and the Pressure Required. 
Arch. Surg. 22:875 (June) 1931. 

59. Friedenwald, J.. and Feldman. !M. ; Experim.ental Studies on the Effect of 
Prolonged Use of Colon Enemas upon the Bowels in .A.nimals. Am. T. Surg. 11: 
23 (Jan.) 1931. 
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iMuiphy dnp type of apparatus for rectal instillation of fluids and 
uct several authors have commented on this. Rolleston and Jex-Blake 
ioted that in a senes of ninety-six patients with gastric disturbances 
n-ho were fed hy rectum, twenty-six vomited at some time or other, and 
Imie mid SchmoIM* advised against the use of enemas in the presence 
of fecal vomiting, hecause in this condition any fluids instilled in the 
rectum would he liable to be vomited. The explanation of the phe- 
nomenon. as Alvarez stated, is a reversal of the normal gradient, with 
waves traveling in the opposite direction, due to the stimulation of the 
hnver end of the tract by the irritating enemas. 

J he movements of the colon were studied by the authors with a 
tandem set of throe balloons in the isolated large intestine of the dog. 
In this type of jireparation in which nearly normal conditions were 
maintained, the ileum was connected to the sigmoid as closely as was 
anatomically possible and the two ends of the colon were brought out 
as in cecostomy and sigmoidostomy, respectively. In this manner, the 
influence of anesthesia as well as operative trauma could be excluded. 
K 3 'mographic tracings were made of the movements by the use of small 
balloons connected to a water manometer system. The position of the 
balloons as checked at postmortem examination was found to be in the 
cecum, at the splenic flexure and in the lower part of the sigmoid. By 
administration of various cathartics through the stomach, definite 
activity could be elicited in this isolated loop such as that accompanying 
defecation, vomiting or the gastrocolic reflex. 

One of the most evident facts that impresses one in this study is the 
marked difference in activity between the cecum and the remainder of 
the colon. The cecum was constantly active and from these movements 
of mixing and churning it could easily derive its important function of 
absorption. Whether these contractions are antiperistaltic or peristaltic, 
or whether they are, the result of local stimulation was difficult to 
determine, but at any rate they were definitely of different character 
than those of the distal portion of the colon. They seem to represent a 
higher degree of irritability than is found elsewhere in this organ. Nor- 
mally the distal part of the colon was almost completely ^active show- 
ing only small, almost imperceptible contractions which probably were 
th? effect of respiration. However, when activity did take place the 
most frequent movements were systolic pulsations and not P^istaltic 
waves. The latter type of contraction was rarely defimtely .dentified, 

H. D., and 

Daring Rectal j^.^Tlie Treatment ot Gastric and Duodenal 

61 Bine Rene, and Schmoll, bmiie. i 

Ulcer. Cahirnia State J. Med. 12:361 (Sept.) 1914. 
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Many authors have found the colon never inactive but continually 
showing some degree of motility. These movements of the large intes- 
tine indicate a high degree of efficiency which has been developed, and 
show the adaptations of this organ to mechanical conditions which are 
present. The activit}* of the cecum promotes absorption and aids in 
retaining the fecal material until the consistence is such that it 
acquires form and is then pushed on though the transverse colon 
to the splenic flexure. From here it is transported by coarser movements 
and undergoes little change until it is expelled. Disturbances in this 
absorptive or expulsion function, such as retaining the feces in a liquid 
state throughout, or on the other hand, drying them too much, may 
account for some cases of diarrhea and of constipation, as many authors 
have suggested. 

It is a common clinical observation in patients with diarrhea that 
after eating there are abdominal distress, cramps and the urge to 
evacuate the bowels, and also that the patient is definitely more com- 
fortable between meals. There seems to be no doubt that there is a 
definite relationship between the ingestion of food and defecation in 
both normal human beings and animals. In the present series of 
experiments on the so-called gastrocolic reflex, the latter was definitely 
elicited in spite of the fact that there was lack of continuity in the 
intestinal tract between the stomach and colon, so that the possibility of 
an impulse running down the bowel by either neurogenic or myogenic 
means to stimulate the colon must be eliminated. In this connection, 
Alvarez quoted Short,®- who noticed that the coils of the ileum were 
always active except during fasting, but when food was taken little 
gushes of succus entericus appeared at the ileocecal sphincter in from 
one and a half to four minutes. Likewise Cannon,^® in 1911, showed 
that as food enters the cecum a fresh series of waves is initiated there. 
Lyman further demonstrated what he called a “receptive relaxation” 
of the colon when food entered it from the ileum, similar to that of the 
cardia as its contents pass through the esophagus. He also noticed 
that as soon as the small bowel had finished emptying itself through the 
ileocecal sphincter and had again become quiet, the large intestine 
became active. His explanation is that there was reciprocal innervation 
of the two portions of the bowel. Surmont, Dubus and Tiberghien ®'‘ 
sectioned the ileum near the cecum and could produce movements in 

62. Short, A. R. : Observations on the Ileo-Caecal Valve in Man, Brit. M. J. 
2:164 (Aug. 9) 1919. 

63. Lyman, Henry; The Receptive Relaxation of the Colon, Am. J. Physiol. 
32:61 (May) 1913. 

64. Surmont, H. ; Dubus, A., and Tiberghien, P. : Contractions coliques con- 
secutives a des excitations prepvloriques et duodenales, Compt. rend. Soc. de biol. 

71:641,1911. 



18 


.■INC/I /FES OF SURGERY 


u. a.lo„ l,y ol ,l,c- slora.-.cl,. IJkcmsc, Alvarc., i„ 1924 cat 

, I ! T',^ ntovcmcnia look place in many parts of the mUinf, 

■ ml Ik u.i.s 01 the opniion that nerves in the mesentery served to carry 
tJie.se impn)se.‘;. J ],e mccluinhm of the gastrocolic reflex he explained 
f-n a .Mimlar basis ; this seems the most reasonable in accounting for the 
presence ot this type of activity in the colon in this series of experiments. 

-MOVh.MKNTS OK rUE DISTAL, OR LEFT, HALF OF THE COLON 

Jlic movements of the left half of the colon are antiperistalsis, 
vhich most investigators agree takes place, at times especially, in con- 
nection with a similar type of activity in the right half of the colon, and 
coordinated peristalsis, 'which drives the content onward, similar to that 
of the small howeJ. Several other types of movements in the colon have 
been reported. The best understood of these are the strong contractures 
which evacuate the bowel. Elliott and Barclay-Smith noted that these 
were slow, powerful constrictions of the tube commencing at a point a 
considerable distance up the colon and running downward to empty the 
contents, an action common to all animals and a fundamental reaction to 
stimulation of the sacral nerves. Most of our knowledge of the move- 
ments of the colon has been gained by means of roentgenograms, either 
an opaque meal or an opaque enema being used. 

Cannon,^ in 1902, found that as the content from the proximal colon 
was pressed gradually onward toward the transverse and descending 
portion of the colon, a deep constriction appeared near the advancing 
end and almost separated a globular mass from the main body of food. 
The contents progressed farther along the colon, and new tonic con- 
strictions appeared which separated the contents into globular masses. 

As these increased in number, the}' got farther from the cecum, although 
they were present chiefly in the descending colon. Raiser ®'' recorded 
similar observations in the colon of the rabbit, in which deep circular 
constrictions separated the scybalous masses. Thus, as Cannon brought 
out, these rings of constriction, moving slowly from the cecum, pushed 
the hardening contents before them. It is obviously an advantage to 
have them pushed through in divisions rather than in a uniformly 
cylindric mass, and while this is going on, some absorption takes place 
ithin the confines of these rings. Kaestle exfJained the fee, I, ty with 
which the contents of the colon were moved forward as due to a 
Idvancing column of gas which opened up the lumen of the bowel 

before it. 

-iTS;, K, P. T.l Edtriig. zur Kenntah der Dambeweaungen (Giessen), 
Worms am Rhein, A. K. Boeninger, 1895. 
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Sclnvarz added tliat increased abdominal pressure was of con- 
siderable significance in moving the fecal material along the colon, and 
that in constipation and in stenotic lesions of the bowel he could see 
the segmentation contractions somewhat accentuated, and even hyper- 
motile, depending on the degree of occlusion of the lumen of the boAvel. 
Serena, in 1913. made similar observations, and Bergmann®° and 
Schwarz noted tliat contractions were markedly activated under the 
influence of distending enemas. W’alsham and Overend stated that these 
movements are due to true peristaltic waves, with a rate of from one 
to two a minute, and tliat tliey are abolished by nicotine or curare and 
probabl}- originate from nodal tissue. W’alsham and Overend described 
smaller rlnthmic contractions with waves coming at the rate of about 
twelve each minute, which they claimed had no directive power but 
exhibited periodic augmentation and were either purely myogenic or 
myoneurogenic. These were practical!}' identical to those obsetwed by 
Isemein and Poinso. Hurst.*^' in 1922. found that the tonus and move- 
ments of the colon depend largely on the bulk of its contents, and these 
varied continuously with the amount of gas and feces present. He also 
observed that the descending and pelvic portions of the colon were 
usually empty and consequently in a state of tonic contraction with more 
or less obliteration of its lumen, whereas the opposite condition was 
present on the right side. Here the content was fluid or semifluid, the 
tonus Was less and the lumen greater, so that he considered it nonnal 
to find a large splashy cecum when the portion of colon felt on the left 
Side gave the impression of a solid cord. From his roentgenologic 
observations on human subjects, he noted that the colon was quiet most 
of the time and only changed materially after hours in which a meal 
taken. 

Hickey found the movements of the colon by the barium sulphate 
^oenia so slow and so infrequent that opportunities to observe them were 
are, and in most cases, whether the colon is filled b}'^ a barium meal or 
□arium enema, the examiner can report only the size, shape and 
component parts of the large intestine. However, by 
' ordistending the organ -with large enemas of opaque material he saw 
fle.\ ^ in the transverse colon and pass along to the splenic 

the the content onward and distending the upper portion of 

but ■ colon. The content may be interrupted temporarily here 

and passes on, emptying the lower portion of the descending colon 
up peristaltic waves in the sigmoid which may result in 

67 quoted by Schwarz.^® 

1927 A. F. : Sins and Sorrows of the Colon, Brit. !M. J. 1:941 (June 17) 

Bickey, p. yj . Peristalsis of the Colon, Am. J. Roentgenol. 9:260 (April) 



20 


ARCHU'ES OP SURGERY 


. L MtK„u Al)oul this tune peristalsis starts in the cecum, emptying it 
mul passing onward to the transverse colon where the pJocedLe 
agmn takes placT- Flint holds an opinion similar to that of Hickey 
« that he found the colon rjuiel most of the time except after meals, and 
iluriay' slated that normal |K'ristalsis docs not take place until the 
colon IS fuH.^ Macleod regairls the descending colon as a tube for 
tic tiansfcrring of masses from the transverse colon; he claims it is 
never distended. Rokitansky, in 1842, stated that this portion of the 
colon is normall)- cnpjty. This fits in well with the study of Gleize- 
Kanihal,'- who observed tiiat there is a line of demarcation between the 
lrans\oise and descending portions of the colon which makes the distal 
colon well suited for strong muscular efforts to evacuate it. The 
descending' portion is smaller and rounder and maintains its shape with 
greater ease than the transverse portion which is large, thin-walJed and 
trans{)arcnt. Microscopically, the muscularis of the descending portion 
is thick, and that of the jiroxinial portion is poor in longitudinal fibers. 
He also found tiie cellular structure denser and thicker on the transverse 
portion with corresponding!)' greater amounts of mucus in this region. 
His- observations were made on cadavers, at laparotomy and roentgeno- 
graphically. Similarly, Kirkes ” found that the muscular fibers of the 
colon become stronger as they progress distally, and are strongest in 
the rectum where greatest tension is exerted. Schellberg considered 
tlie attachment of the colon at the hepatic and splenic flexures 
as important in the performance of their movements, which, he stated, 
are deliberate and seldom take place. Mills described three movements 
of the colon expressed in relation to the colonic rugae, in which Forsell 

69. Flint, Etheibcrt; Discussion on the After Results of Colectomy (Par- 
tial and Complete) Performed for Colon Stasis, Proc. Roy. Soc. Med. (Sect. 

Proctol.) 15:54, 1922. . - 

70. Murray, D. H., in discussion on Beach, W. M. : The Subnormal Function, 

J. A. M. A. 71:1453 (Nov. 2) 1918. _ 

71. Macleod, J. J. F- : Physiology and Biochemistry in Modern Medicine, 

cd. 5, St. Louis, C. V. Mosby Company, 1926. , j 

72 Gleize-Rambal, L.; Sur 4’individualite anatomique du colon descendant, 
Comnt rend Soc. de biol. 99:2015, 1928; L'individualife structurale du coton 
descendant ibid 100:368, 1929; Note sur la disposition du gros intestm de lem- 

^7. si: W "i ed. .4 York. Widia™ Wood 

TSSlb”: 0. B : Oba.™,ions on .bo Pb,.»togy of tbo H„™ao Colon, 
Inlorna., J. Mod. & Sor6 4M0 «“> Mono- 

75. (a) M.IK A. E . A”' ,.,27 (Feb. ?) 1925. (» Mills. 
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Cbaosoo, Ana. J. ” ' 

76. Forsell, quoted by Mills. 
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agreed. These, he stated, are: (1) the lateral or nonhaustral 
canalicular, (2) the general polydirectional haustral and (3) the longi- 
tudinal haustral compression movements. 

Lenz studied the movements of the colon of the cat through a 
celluloid abdominal window ; Katsch and Borchers have described the 
technic of this method in detail and saw two types of propulsive move- 
ments. annular and tubular, which were entirely distinct from those of 
defecation. Zondek,"® in 1921, made a similar stud}" of \-arious animals 
and observed peristaltic movements occurring with considerable regu- 
larity in the dog about every thirty seconds; these were markedly 
stimulated by the taking of food. He also described haustral segmen- 
tation by a similar means in the colon of rabbits, and antiperistalsis as 
the usual finding in the proximal portion of the large intestine in the cat, 
rat, guinea-pig and other mammals. Plant and iMiller.'® using balloons 
in the colons of unanesthetized dogs, obserr'ed waves similar to those 
obtained by Templeton and Lawson. The latter investigators used a 
tandem set of six balloons in the dog's colon, three of whicli were 
inserted through a cecostomy opening and three through the rectum, 
and obtained some excellent records of the character of the movements 
of the large intestine, ^^''ith this preparation simultaneous tracings 
were made of the entire colon. In the proximal portion, actiHt}" was 
distinctly periodic with contractions superimposed on clianges in tonus, 
whereas in the distal portion changes in tonus were less pronounced 
but otherwise similar. The point at which the change took place was 
at the splenic flexure. They also found that the entire colon could act 
as a unit, but that the activity was subject to sudden alterations in the 
formation of waves going in either direction. In general, their results 
confirm those of other investigators. 

Mass Movcwcufs . — One of the most interesting and frequently dis- 
puted movements of the colon is the so-called mass movement, it was 
described by Hertz®® in 1907 and 1908. Hertz. Cook and Schlesinger 

77. Katsch, Gerhardt. and Borchers. Eduard : Beitr.age sum Studium der Dami- 
bewegaingen. I. Das experimentelle Bauchfenster, Ztschr. f. exper. Path. u. Therap, 
12:225 (Jan. 8) 1913. 

78. Zondek. B. ; Ueber Dickdarmperistaltik. Beohachtungen am experimentellcn 
Bauchfenster, Arch. f. Verdauungskr. 27:18. 1920: abstr., J. A. M. A. 76:346. 
(.Tan. 29) 1932. 

79. Plant, O. H., and Miller, G. H. : Effects of Carminative Volatile Oils on 
the Muscular Activity of the Stomach and Colon, T. Pharmacol. & Exper. Therap. 
27:149 (March) 1926. 

SO. Hertz. A. F. : The Pathology and Treatment of Chronic Constipation. 
Proc. Roy. Soc. Med. (Sect. Med.) 1:119. 1908. 

81. Hertz. A. F. : Cook. F., and Schlesingcr. E. G.: The Action of Saline 
Purgatives. Guy's Hosp. Rep. 63:297. 1909. 
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i . *1. r fn'tri r.r ^ describing these moven.ents 

, ' I ""’'•emei.l ,s as follows: It is the principal 

| iop.'ls,vo movement of the colon taking place three or four 
. tn move the contents of the bowel from the anti- 

i>orn.t.-ilttc ni/lucnco of the proximal portion of the colon through to the 
fUM.al portion. The mechanism, as Holzknecht explains, may possibly 
he a (KnycrtuI peristaltic wave, but more likel}' is associated with a tonic 
contraction of tltc circular coat of the part of the colon through which 
tile wave pns.ccs. The haustral markings disappear and fecal matter 
seems to rim together in a sansage-Iilce bolus, which has smooth edges 
and is rounded at the ends. The mass at once begins to move at about 
twice the rate of peristaltic waves in the stomach, and the rate and 
distance of this movement are variable, sometimes transporting the fecal 
content from the cccuni to the pelvic colon or rectosigmoid without 
stopping, \'\’hca it comes to rest, haustral indentations reappear. 
>\ivarc?, observed these mass movements often secondary to a rush 
wave in the small bowel and frequently resulting in a call to defecation. 
According to Case, tiiey are most often seen before or during defe- 
cation. These movements are accompanied by a gurgling sound, due, 
ICacstle stated, to the accumulation of gases in advance of the moving 
mass, and expanding the colon ahead, thus facilitating movements over 
long distances. Diarrheal cramps. Case stated, are often accompanied 
b)- mass movements, and Alvarez saw these contractions in patients with 
a" tendency to diarrhea. Kaestle noted these movements in a woman; 
the entire colon took part, contracting down to the size of a cord, but it 
was so marked and long continued, as well as accompanied by such severe 
spasmodic pain, that he concluded it was due to a disorder of innerva- 
tion of the colon. Hertz,« in 1909, and also Welch,^" in 1925, noted 
perceptible progress through the colon after meals, but othenvise this 
was very slow. Barclay, in 1911, 1912 and 1913, studied these move- 
ments carefully and blamed defects in mechanism of this type of activity 
as resulting in stagnation in the rectum and other parts of the colon, 
and being one of the causes of constipation. In a further study m 

”~82 Barclay, A. E.: Note on the Movements of the Large Intestine, Arch. 

’'t ^ R: wC! Zm. Cons.lpa.ion: W Obso.va.ions on 

lx. a. L: R-S S* ot .b. ur.a BA I- Bo... 

2:638, DD-19IS. Barclay 
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1909 and again in 1913, Hertz.®^ and also Betz, in 1912, corroborated 
Holzknecht’s view and added that the chief stimulus to this movement 
is entr}' of food into the stomach, and designated it as the gastrocolic 
reflex. Holzknecht, incidentally, noted the mass contraction after feed- 
ing a second bismuth meal. Hertz further observed that normally the 
ileocecal sphincter Jield back the content in the terminal ileum for a 
considerable time, relaxing principally during meals, at which time the 
greater part of the content entered the cecum. Peristalsis in the lower 
part of the ileum became more activated at meal time. Hertz and 
Newton, in 1913, saw the phenomenon in a patient with partial intestinal 
obstruction due to carcinoma of the rectosigmoid juncture, and noted 
that the contents of the colon passed from one end to the other in a 
second or two, with no signs of either peristalsis or antiperistalsis. 


Isemein and Poinso explained the mechanism of the gastrocolic 
reflex as consisting either of stimulation of the colon by a hormone 
from the gastric mucosa or of stimulation of the circular muscles of 
the small intestine down from the stomach and extending to the large 
bowel. Likewise, Betz, in 1912, considered the stomach and rectum as 
the principal reflex routes for stimuli to the intestine. Alvarez regarded 
the gastrocolic reflex as involving the mesenteric nerves. 

In 1916, Walsham and Overend reported observations on sporadic 


mass movements following chiefly either the entrance of food into the 
empty stomach or evacuation of the bowel, and again in 1922, Hurst 
corroborated these observations, stating further that after the absorp- 
tion of water from the contents of the right half of the colon the fecal 
matter is moved from the cecum to the pelvic colon, where it remains 
u^til mass movement carries it farther. They found that during the da\' 
e greater part of the cecal, ascending and pelvic portions of the colon 
^^ss full and the remaining part is empty. In a careful 
Welch and Plant,®® using balloons placed in the stomach and 
CO ons of dogs through fistulas, and in the colons of human subjects, 
0 tamed tracings. Their observations showed that the normal muscular 
c n ity of the colon is very irregular and great variations in tonus and 
contractions occur, with the colon never in the state of complete inac- 
'Wich Holzknecht found. After feeding the dogs, they obtained 
^ ^ e nite increase in tonus of the colon in from half a minute to several 
nnutes, lasting from ten to twenty or up to sixty minutes. Sometimes 
I's reaction would be repeated several times, but more often there ivas 
no second effect. By feeding through a fistula in the stomach, such 
csu ts were not obtained. They therefore claimed that to call this 


r Ileo-Caecal Sphincter, J. Physiol. 47:54 (Oct. 17) 1913. 

of tliA r ^ O. H. : A Graphic Studv of the ^luscular Activity 

Special Reference to Its Response to Feeding, Am. J. M. Sc. 
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rcno'.on ,, ”^..-.s,rc,cc,lic rc-ncx- was n n^isnomer and that it is really a 
alintr roflcs or apjK-tilc reflex/’ similar to that of gastric secretion 
not on distention of (he stomach with food but Tore on 
liS.u nc simmlation J hey further substantiated this opinion by obtain- 

^ entrance of the attendant who 

. n.di^ fed the dog. J hej' also demonstrated that with an empty bowel 
u- effect wa.s much less or was even absent, as contrasted to that 
obtained when the bowel was full. SchelJberg, in 1928, considered the 
presence of gas as important in mass movements, and also that chemical 
aenvity of (Iw fecal content on the mucosa played a considerable part in 
tins and other types of movements of the colon. Draper and Johnson 
disagree with former opinions of mass movements and stated that pro- 
pvilsion of the contents of the colon takes place by slow imperceptible 
segmentation contractions and probably not by so-called “mass move- 
ments" which they were never able to see. Hines, Lueth and Ivy,®® in 
1929. put balloons into the rcctums and sigmoids of human subjects, 
through a proctoscope. They found two definite types of curves, one 
a slow, sligdit rhythmic elevation with a tonus rhythm and the other 
steep contractions. Among twent 3 ''-one normal students they obtained 
a steep contraction in five only after meals, and this was concomitant 
with an urge to defecation. The^^ felt this was probably the gastrocolic 
reflex of other investigators. Such urge was not present if the subjects 
were constipated, and steep waves could not be obtained at any time 
with similar technic. They concluded, therefore, that the threshold for 
sensation in cases of constipation is raised. They also concluded that, 
(he latter type of movement is an involuntary aid to defecation. Move- 
ments similar to the mass contraction of Holzknecht were obtained by 
Gantcr and Stattmuller.®® Using a balloon in the colonic stoma of a 
patient with chronic ulcerative colitis, they obtained high contractions 
in groups similar K those obtained by Hines, Leuth and Ivy. Peiper, 
hy putting a double balloon in the distal colon of children, found that 
usually there was no activity, although if diarrhea was present there was 
a pendular type of movement. 

Defecaiion—Caimon,^ in 1902, observed the process of defecation 
by roentgenographic means and described it as a slo^v, sweeping move- 

J. W., and Johnson, R. K.: The Pathogenic Colon: Recent 
s,„dte a™, , s™- j®*;,, A. C: MoBlily of .he Eec.„« in ' 

Honnal Ccn..ipa.ed SuWeCe, Arch. 
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ment in which the bowel swung around so that the ascending colon lay 
in the position of the distal half of the transverse portion, and the latter 
took the position of the descending part. At the same time tonic con- 
tractions disappeared and were replaced b}' strong, broad contractions 
of the circular muscle, tapering the contents off on each side into two 
cones. As the intestine swung around, more material was forced into 
the rectum by constriction, dividing the lumen, which passed slowly 
downward aided by the abdominal musculature. Usually some material 
was left behind in the cecum. Hertz ** described this act as consisting 
of contractions of the diaphragmatic and abdominal muscles which 
resulted in a considerable increase in pressure in the abdomen since 
the glottis was kept closed, aiding in forcing more feces into the rectum. 
Through the stimulation thus produced in the rectum, involuntary peri- 
stalsis starting well back in the colon was initiated. Included in this 
chain of reflexes was inhibition of the internal sphincter. His impression 
was that the entire colon took part in the act, but that only the bowel 
distal to the splenic flexure was evacuated, and in some cases even the 
rectum was not completely emptied. The content of the right part of 
the colon moved over to the descending colon to take the place of that 
which was evacuated. Schwarz’s observ'ations were of a similar 
nature, except that he saw fecal masses go through almost the entire 
length of the. colon and this movement was associated with contractions 
of that organ. By th( introduction of stimulating enemas he demon- 
strated a similar proce and could by this method obtain evagination 
and invagination of the haustra. He further demonstrated roentgeno- 
logically that prior to, and during, defecation there regularly occurred 
coarse movements of the large intestine. These occurred typically as 
cramps and were often associated with diarrhea. Schwarz ““ attributed 
propagation of intestinal contents to the fine and coarse movements of 
the large intestine and also to the increased intra-abdominal pressure. 
In this connection it may be noted that Jonas, in 1912, found in his 
studies on achylia gastrica that diarrhea was associated with a hyper- 
motility of the entire gastro-intestinal tract and not necessarily of the 
large bowel alone. Also, he noted that if the propulsion of the contents 
was abnormally fast in the small intestine, a normal stool could still 
result, providing there was a delay in the passage through the distal 
portion of the colon. 

There probably is no distinct desire to empty the bowels until feces 
have actually reached the rectum and produce distention there, as Howell 
has pointed out, and as Hertz and Newton, in 1913, were able to see 
roentgenographically. The feces are retained by tonic contraction of the 

91. Jonas, Siegfried: Ueber das Verhaltnis zwischen Stuhlbiid und Darmnio- 
tilitat und die wechselnden Stuhlbilder der Hyperaciditiit und der Achylie, .^rch. f. 
Vcrdauungskr. 18:769, 1912. 
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internal sphincter until defecation begins, then the sphincter relaxes and 
masses are forced through the anal canal by the combined efforts of the 
rectal and abdominal muscles. In other words, it is normally both a 
voluntary and an involuntary action. The minimal pressure within the 
rectum found by Hertz to initiate a call to defecation was between 
3 and 4 mm. of mercury, and the pressure within the rectum may 
become from four to eight times that much during the act as a result 
of the increased intra-abdominal pressure. The latter then caused more 
material to enter and to distend the rectum, and resulted in still stronger 
contractions of abdominal and rectal muscles as well as a corresponding 
relaxation of the internal sphincters. Severe pain may be produced by 
using extreme distention in the colon, as Frohlich and Meyer®- have 
shown. They attributed this either to spasm of the circular musculature 
or to irritation of the peritoneal coat. Alvarez noted a tendency some- 
times in man to empty the rectum completely by a process of prolapse 
and eversion of the mucous membrane, and Starling stated that the last 
section of the rectum is emptied at the close of defecation by forcible 
contractions of the levator ani and other perineal muscles, contractions 
which serve to restore the everted mucous membrane. Luciani con- 
sidered peristaltic activity of the sigmoid and rectum as most essential 
in the act of defecation, although inhibition of tone of the internal 
sphincter, contractions of the levator ani and abdominal compression 
by- contractions of the diaphragm and abdominal musculature along with 
closure of the glottis are important factors. 

A spurious desire to move the bowels may be aroused by pressure 
from external sources on the walls of the rectum, such as from a large 
calculus of the bladder, prostatic tumor or fetal head in the pelvis. The 
same effect may be noticed from internal hemorrhoids, tumor of the 
rectum or an inflammatory disease present in that region. 

Defecation may be restrained by several muscles or combinations 
of muscles, such as the internal sphincter, the external sphincter, the 
levator ani and the voluntary muscles about the perineum, as Frankl- 
Hochwart and Frohlich®® pointed out. 

There are other factors which influence or take part in the act of 
defecation, namely, centers in the brain and spinal cord. Hatcher and 
Weiss,®" in 1923, applied small doses (0.016 mg.) of picrotoxin to an 
area in the floor of the fourth ventricle close to Ae_ vomiting center 
and produced diarrhea almost immediately, and Luciani, in 1913, found 

9HvMich, A., and Meyer, H. H.: Die sensible Innervation von Darni und 
HarnHase, Wien. Win. Wchnschr. 25:29 (Jan. 4) 1912. 

93. Frankl-Hochwart, L., and Frohlich, Alfred: Ueber Tonus und Innervation 
der Sphinkteren des Anus, Arch. f. d. ges. Physiol. 81:420 (Aug. 11) 1900. 

94. Hatcher, R. A., and Weiss, Soma: Studies on Vomiting, J. Pharmacol. & 
Exper. Therap. 22:139 (Oct.) 1923. 
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sensory nnpa.nnent of the rectum and that there was no excitant to 
initiate mass movements. Also, there was no sudden entry of a large 
amount of material into the rectum as there is when mass contractioL 
talce place. Peculiarly enough, it is the experience of neurologists that 
there js no definite relationship between the level of the situation of a 
tumor of the spinal cord and the degree of disturbance of sphincter 
function. 

The fact that most people perform the act of defecation in the 
morning soon after breakfast is generally ascribed to several factors. 
During the night the contents of the colon are gradually moved from 
the proximal to the pelvic and descending portions, and after being 
comparatively quiet the large bowel is stimulated to activity by the mus- 
cular exercise in moving about and by reflex contractions from putting 
food into the empty stomach. The chain of reflexes thus set up results 
in a call to defecation. 


Valves of the Rectum. — The function of the valves of the rectum 
has been studied by various investigators. Bodenhamer,^®® however, 
denies their existence as definite valves, claiming them to be merely 
semilunar ridges of mucous membrane. Pennington described them 
in detail and stated that they have definite functions, according to his 
experimental studies on both living and dead subjects. He found that 
the valves function to prevent feces from crowding down on the anus, 
that they equalize the pressure of the feces that accumulate in the rectum 
from time to time and that they facilitate defecation by giving a spiral 
motion to the content of the bowel. In support of his views, he cited 
the fact that man is the only animal possessing them and he is the only 
animal that defecates regularly. Irritants and foreign bodies cause them 
to become erect and present as a sort of ledge across the bowel, and in 
some cases they are directed upward, forming distinct cups or pockets, 
as demonstrated in plaster casts taken of them. In certain subjects 
they are enlarged, sometimes so much that they may interfere with 
normal defecation. 


Other Movements of the Colo7k—A fifth variety of movement takes 
place in the colon, which is described ordinarily as a pendulum or large 
Ringing type of motion, and has been observed chiefly during roent- 
genoloc^ic studies. These movements seem to be concerned especially 
with the aid of absorption and take place in the transverse colon. This 
nortion of the colon assumes a totally different position, first being 
in a high and in a few minutes in a lower part of the abdomen. 


W.: Are There Veritable Valves in the Rectum? New York 

-^Tew Points in the Anatomy, Histology, and Pathology 
101. Pennington, J. U.-- . 10.707 1000 

the Rectum and Colon, Chicago M. Rec. 19:392, 1900. 
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This niolion wns doscrihcti by Wnlshnni and Ovcrcnd, in 1916, by 
Ricdi-r,"’- and by Currie and I ienderson.’"'' in 1926, who also noted 
gentle swaying movements in direct observations on tbe colon of the 
guinea-pig. which they thought were produced mainly by the longi- 
tudin.al muscles. In addition to the type of movement studied by the 
.aid of the roentgen r.ays. by alvlominal windows and lyv direct ol)ser- 
vation. valuable contributions have i)cen made by tbe observation of 
strips of bowel excised from the large intestine. 

Alvarez commented on tbe sluggishness of the colon and exhibited 
many tracings to show the contr.actions of excised bits of its muscu- 
lature. which rcvc.al a very slow rate with pronounced tonus waves. 
From five diiTcrent segments of the cecum there was little difference, 
the be.ats possessing little rhythmicity, as compared with that of the 
small bowel. Kolda.*"' in 1926, made similar observations on the large 
intestine of the c.at and obtained six contr.actions. at the rate of six in 
five minutes, and these were of a similar nature to Alvarez s results. 
From the studies of .Mvarez and Starkweather, there appears to be a 
downward metabolic gradient (determined by the catalase content) from 
the tip to the base of the cecum of rabbits and guinea-pigs. From the 
base the gradient is upward to the colon. They bring out a physiologic 
reason for this difference in that the cecum is a food reser\'oir which, 
in order to retain its contents, contracts seldom and is not influenced by 
happenings in the other parts of the gastro-intestinal tract. Cannon, 
in 1911, showed that mechanical extension was the most efficient 
stimulus for exciting activity in the colon, just as it is for other tjpes 
of Smooth muscle such as that of the small bowel, ureter and bladder, 
^lagnus,^®^ in 1904, seems to have been first to record the longitudinal 
movements of short length strips of bowel, which has been called the 
Magnus method. Currie and Henderson used strips from the first part 
of the ascending colon of the guinea-pig and found small, rhythmic 
movements with a rate of about thirty-eight each minute, and at times 
larger contractions which they thought were the result of summation 
of the smaller ones. In the transverse colon, the strips beat rather 
irregularly ydth long, slow tonus waves, and in the sigmoid portions 
they obtained high tonus waves, but these were less frequent than those 
of the transverse segment. 

102. Rieder, H. : Die physiologische Dickdarmbewegung beim Mensche, Fort- 
schr. a. d. Geb. d. Rontgenstrahlen 18:85, 1912. 

103. Currie, G. C., and Henderson, V. E. : A Study of the Movements of the 
Large Intestine of the Guinea Pig, Am. J. Physiol. 78:287 (Oct.) 1926. 

104. Kolda, J. ; Contribution a I’etude des mouvements de I’intestin isole, Compt. 
rend. Soc. de biol. 95:210, 1926. 

105. Magnus, R. : Versuche am uberlebenden Diinndarm von Saiigethieren : 
n. Die Beziehungen des Darmnen-ensystems zur automatischen Darmbewegung, 
"^rch. f. d. ges. Physiol. 102 : 349 (April 9) 1904. 
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_ Gross, ^ Flint, «« Keith and others noted the effect of a diet defi- 
aent in vitamins on the movements of the strips of colon of rats. 
Ordinarily, they beat with a rhythm of from two to three contractions 
each minute, but after deprivation of vitamin B, contractions were 
not elicited, and the result of this in vivo, they showed, was definite 
stasis in the intestinal tract. The latter was evidenced by dilatation of 
the ascending colon, by the filling of the descending colon with feces 
and by the presence of an increased number of ileocecal glands. 

Reflexes Involving the Colonic Movements . — Many factors operate 
to aid in unifying and rendering the functions of the large intestine 
purposeful, and disturbance of or interference with any of these factors 


may lead to abnormal or ectopic movements. Just as with many other 
portions of the body, the colon is subject to reflexes, and although not 
many of these can be readily explained, yet a few have been studied 
thoroughly. Probably the most important of these is the gastrocolic 
or feeding reflex which has been described. Inflammatory lesions in 
the ileocecal region, such as appendicitis, may produce all grades of back 
pressure up to the vomiting of large amounts of fluids and likewise 
intestinal injury, such as cutting and handling of the bowel, will delay 
the emptying time of the stomach.*^ This no doubt is a protective 
mechanism for the purpose of holding back food until the bowel becomes 
healed. Many investigators have shown that distention of the colon 
delays emptying of the stomach. White produced intense irritation 
of the cecum of cats with mustard and olive oil, and also with croton 
oil, and obtained definite delay in the emptying of the stomach and 
even in vomiting. However, with a moderate or even a marked degree of 
irritation there was usually no effect. Smith and Miller obtained 
increases in tonus as well as in peristaltic activity of the stomach and 


pylorus by irritation of the cecum or appendix with croton oil. Pearcy 
and Van Liere distended the colons of dogs and found that during 
vigorous hunger contractions of the stomach the contractions ceased 
and complete inhibition took place. If the distention was continued, it 


106 Gross Louis: Discussion on the After Results of Colectomy (Partial and 
Complete) Performed for Colon Stasis, Proc. Roy. Soc. Med. (Sect. Procfol.) 

15:71 1922. 

107 Keith Arthur; Discussion on the After Results of- Colectomy (Partial 
and cLpSe) Performed for Colon Stasis. Proc. Roy. Soc. Med. (Sect. Proctol.) 

White F W • The Effect of Disease of the Lower Bowel on the Rate of 
Eni Tinl l;;e%t;raV^ Med. & Surg. 2:618 (June-July) 1918. 

^ o -.1 T? M md Miller G H.: The Reflex Influence of the Colon. 
109. Smith, F. M., and M I ’ • ^ 45 pgg 1930. 

Appcn<lix and Gallbladder ™ Slo™* Arcb^a 
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caused nausea, salivation and vomiting. Smith, Paul and Fowler 
noted increases in activit}' of the stomach and especiall)' of the p 3 'lorus 
when they injected air into the large intestine or massaged the cecum of 
patients with an irritable colon. The}- thus showed the presence of a 
definite reflex involving the colon and stomach. King^^- has shown 
that stimulation of the colon caused inhibition of the motor, secretory 
and absorptive functions of the small bowel. Pearcy and Van Liere 
also obtained cardiovascular respiratory reflexes from distention of the 
colon consisting of what appeared to be auricular extrasystoles and 
auricular flutter. Blood pressure also rose from 30 to 60 mm. of mer- 
cury and in some cases in man, from 20 to 25 mm. of mercury, 
remaining elevated as long as nine hours, and the subjects complained 
of flushed skin and free perspiration. In dogs they obtained an 
increased volume of the kidney and increased tonicity of the bladder. 

More recently, Monroe and Emery,^*^ after determining normal 
values, studied the empt}dng time of the stomach following irritation 
of the colon by turpentine, and their results indicated that the emptying 
time of the stomach was not especially influenced by irritation of the 
colon. However, there was no involvement of the peritoneum in their 
experiments, so it is possible that the difference in results of other 
investigators may have been due to this. 

In a different type of experiments, in which the conditions were 
reversed, Surmont, Dubus and Tiberghien applied stimuli to the pre- 
pyloric and duodenal regions of dogs and cats and noted the effect on 
the colon. In some cases no reaction whatever could be elicited on the 
large intestine, but in many of them contraction waves were recorded 
in the colon within one minute of the time of stimulation in the upper 
part of the intestinal tract. This, they explained, was due to a reflex 
and not to a peristaltic wave passing dorvnward, because there was not 
enough time for this to take place. They thought it might be related 
to the gastrocolic reflex. Lyman, in 1913, in confirming Cannon’s 
view that the proximal part of the colon becomes quiet and relaxed as 
food nears the ileocecal valve, observed cats anesthetized with ethyl 
carbamate and then injected a mixture of starch and paste into the ileum 
near the valve. He noted that the colon a moment before was in tonic 
contraction, but as the material passed through the valve, the large 
intestine became motionless and relaxed, and as soon as the process was 
finished waves reappeared in the colon. He concluded that the mecha- 

^ 111. Smith, F. M. ; Paul, W. D., and Fowler, W. M. : Mechanism of Epigastric 
Distress Associated -with an Irritable Colon and Chronic Appendicitis, Arch. Int. 
I'led. 47:316 (Feb.) 1931. 

112. King, C. E. : Studies on Intestinal Inhibitory Reflexes, Am. T. Physiol. 
70:183 (Sept.) 1924. 

113. Monroe, R. T., and Emery, E. S., Jr.; The Effect of Irritation of the 
tylon on the Emptying Time of the Stomach, Am. J. M. Sc. 177:389 (March) 
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.lism was a local one because he could obtain it in the absence of nervous 
connections to the spinal cord, and that it was an example of reciprocal 
innci vation of opposed muscles. 

Drury, Florey and Florey,'" in 1929 , exteriorised a small segment 
of colon and demonstrated that when the dog was frightened and when 
Jocal stimulation was^ applied this patch would turn pale, even when it 
was denervated, but it would not necessarily do so during mass move- 
ments. Even with movements in the portion, pallor was not observed. 

1 hey do not explain the nature of the phenomena. White increased the 
tonus of the colon and, in this way, stimulated peristalsis by vigorous 
massage of the contents of the large intestine under the fluoroscopic 
screen. Incidental he was unable to move fecal matter by such mas- 
sage. The value of exercise in the cori-ection of constipation no doubt can 
be explained on the basis of the massaging action of the abdominal mus- 
culature on the intestinal tract, as noted by Soper.^^'^ The effect of 
exercise on the behavior of the colon has been reviewed in detail and 
studied extensively in some researches of their own by DeYoung, Rice 
and Steinhaus.^^® By inserting single balloons into a cecostomy opening 
in the colon of the dog, rvith the animal On a treadmill, they obtained 
rises in the motility and tonus of this organ. This increased activity 
was not coexistent with the period of exercise but started from one to 
three minutes later and receded in a few minutes, regardless of the 
duration of the exercise. They attempted to trace the origin and nature 
of this rise from exercise by sectioning the colon near the ileocecal 
valve in some instances, and in others near the anus. With the balloon 
between the two “cuts,” no “exercise” response could be elicited, but 
above and below the two cuts, typical results were obtained. From this 
they deducted that there is a second parasympathetic inflow to the colon, 
probably vagal, coming in at the proximal end of the large intestine, 
and movements are stimulated by an unusual outflow of impulses during 
exercise. (The sympathetic nerves were intact in these experiments.) 
DeYoung, Rice and Steinhaus consider these rises in tonus and motility 
with exerdse as similar in nature to the "mass movements” seen in man. 
Other factors which stimulate movements of the colon are the piescncc 
of formed fecal material in the rectosigmoid, gradual intermittent dila- 
tation of the anal canal, the presence of food in the stomach and the 
act of defecation. 

a. N.; Florey, H., and Florey. M. B.: The Vascular Reactions 
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Motor Tests of FuiictioJi . — At present there are no known tests by 
which the estimation of the function of the colon may be determined 
with any degree of accuracy. It is true that roentgenoscopic and 
other means the time required to empty the contents of the colon has 
been observed repeatedly, and some idea of the normal function of the 
large intestine can be obtained by these methods; yet individual varia- 
tions are so great and so many factors, both extrinsic and intrinsic, exert 
their influence that these methods do not always seem to be reliable. 
Hertz,’’^ in his observations, felt that the time required for a meal to be 
evacuated from the gastro-intestinal tract was about from thirty-three 
to forty-eight hours. He also found that the meal should reach the 
splenic flexure in about twenty-four hours, and this, in general, is the 
opinion of most roentgenologists. Kretschmer believed the type of 
food itself to be a potent factor in the rate of passage through the 
intestinal tract; in general, coarse food progressed farther. The dif- 
ference, he thought, was mostly in the small intestine and upper portion 
of the colon. Likewise, Burnett stated that a badly proportioned 
dietary regimen was responsible for many disturbances in intestinal 
function, and the literature is replete with suggestions of this type. 
Elliott and Barclay-Smith, Schwarz, Carter,^’® Burnett and others have 
shown that there is a mixing of colonic contents, mostly in the right 
colon,^® so that some of the fecal material may stay in the bowel as long 
as from three to five days, whereas some is voided the same day it is 
taken. This has been determined especially by the use of various colored 
beads, and Alvarez has shown that it may often be longer than this 
before a meal completely traverses the intestinal tract. By giving dif- 
ferent colored small glass beads on three successive days, he found that 
most of his normal subjects passed only 75 per cent of the beads in 
about four days and after this it often was weeks before all were passed. 
After catharsis, the rate of passage was greatly increased and, following 
that, stool was not passed for a day or two, again emphasizing Alvarez’s 
contention that after thorough defecation bowel movement should not 
be expected for a time because the gastro-intestinal tract is empty, 
rather than because of any astringent or constipating action by the drug. 
Naturally, the rates of emptying of the colon vary considerably ; sub- 
jects with fast rates usually have soft, frothy and voluminous stools, 
possibly due to faulty digestion and absorption, and it may be that those 
with slower rates with well formed small stools show better digestion. 


117. Kretschmer, Julian; Rontgcnologischer Nachweis diatetischer Beeinfluss- 
ung der Darmperistaltik, Miinchen. med. Wchnschr. 59:2334 (Oct. 22) 1912. 

118. Burnett, F. L. : Faulty Food Factors and Atonic Constipation J. A. 
N. A. 83:996 (Sept. 27) 1924. 

119. Carter, L. J. : Fluoroscopic Study of the Large Bowel by the Opaque 
tnema; Analysis of Eight Hundred Examinations, J. Roentgenol. 2:355, 1919; 
'urther Report on the Study of the Colon by the Opaque Enema: Summary of 

ne Thousand Examinations, Canad. M. A. J. 10: 1112 (Dec.) 1920. 



ARCHIVES OF SURGERY 


Pundwn of the Appendices Epiploicae.—One of the characteristic 

I distinguished from' the 

all intestine is the presence of the appendices epiploicae. They occur 

as small pouches of peritoneum in two rows, their line of origin being 
quite close to the anterior and posterior inferior longitudinal muscle 
jands, and extend from the cecum to the rectosigmoid juncture. No 
definite evidence of their true function is available, although many 
speculations have been made. W. J. Mayo thought that they were 
capable of a wiping motion similar to the swaying movement of the 
small bowel, which aided in the defensive forces of the abdomen. 
Robinson was of the opinion that they were concerned with move- 


ments of fluids in the colon, thus aiding absorption, but Harrigan 
denied this, stating that their structure was simple and that they pre- 
sented no evidence of a specialized function. It is Rankin’s belief 
that there is no doubt as to their being a part of the defensive mechanism, 
whether they move or not, because they so often are found sealed to a 
pathologic process, such as gangrenous appendicitis or diverticulitis. 
That these epiploic tags may get into mischief is evident from a series 
of observations by Hunt,^-'* who described torsion of them with serious 
results. 


ABSORPTIVE AND EXCRETORY FUNCTIONS OF THE COLON 


Although it is true that disintegration, digestion and absorption of 
various foods take place in different parts of the intestine, according 
to the nature of the aliment, yet there is divergence of opinion regarding 
the types of material and the mechanism by which absorption takes 
place in the colon. The anatomy of the colon has been widely studied, 
with reference to its physiology. Starling, in 1926, pointed out that great 
differences exist in the structure of the colon in different animals, dif- 
ferences which depend not on the zoologic position of the animal but 
on the nature of its food. The colon of the carnivora is short and 
narrow with little if any cecum, and it has a relatively unimportant 
function to discharge in digestion and absorption. Proteins of meat are 
practically entirely absorbed by the time food reaches the ileocecal valve 
and the same applies to fats, so that only a small amount of these 
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absorbs. The chief function of the colon of carnivora is that of excre- 
tion. The colon of the herbivora is well developed, with sacculated 
walls, and the cecum is very large. This is necessary because their 
nutritious matter is enclosed in cells surrounded by cellulose walls, and 
these must be disintegrated so that absorption can take place, which is 
accomplished either by bacteria or by ferments in the r-egetable cells 
themselves. In the horse, it seems there is a digestive fluid from the 
cecum which acts on foodstuffs, either in vitro or in vivo. In the 
cecum, under the action of many bacteria, cellulose is dissolved and 
cells are opened up to allow the contents to escape. 

The colon of man is a compromise between the herbivorous and the 
carnivorous type. Draper claimed that, with reference to the colon, 
human beings are dogs at birth because of the poorly developed right 
half of the colon; he further stated that the left half of the colon is 
of extreme age, of constant and important function and of fixed mor- 
phology, compared to the right half. He looks on the persistence of the 
right segment of the colon of man as the dominance of the experimental 
lengthening by the herbivora, and considers it ill adapted to man’s needs. 
In support of this he studied the gross form of a number of normal 
colons and found many variations in size, position and appearance of the 
right side of the large bowel, as contrasted with the absence of variation 
on the left side. Even racially there are differences in the length of the 
colon, as Miloslavich has shown, which depend on changes in environ- 
ment, food, mode of living and climatic and social conditions. As far 
back as 1835, Schultz,'-' and in 1849, Briickner,'-® commented on the 
storage capacity of the cecum and its possible function in digestion, and 
Keith,'-® W. J. Mayo and others have brought out the fact that the large 
intestine really begins near the splenic flexure, the right portion, espe- 
cially the cecum, being more nearly like a second stomach. The right 
half of the colon simulates that portion of the small bowel with which 
It derives a common origin. Draper claimed that absorption of water 
is the earliest known function of the right half of the colon. He also 
pointed out that the stomach and colon have a common function, storage 
and churning. In the stomach this serves to blend the water with the 
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ingchta a»d in the colon to remove it. Neither stomach nor colon aids 
nwtenally in digestion and each can be dispensed with. Many observers 
ave emphasized the water-absorbing function of the colon, stating that 
t s t<ikes place m the cecum between the ileocecal apparatus and the 
cecocohc sphincter, a physiologic muscular contracture near the hepatic 
exurc,^ further aided by the high attachment of the splenic angle so 
tliat fluids all tend to gravitate toward the right portion. If fluids went 
be 3 'ond tins point, the}' would interfere with the storage function of 
die colon. W. J. Mayo summarized this by saying, "Man eats with his 
jejunum and ileum, and drinks with his cecum. He prepares his food 
with organs originating from the foregut and absorbs his nutrition from 
those derived from the midgut. " In the small bowel, water is absorbed 
in large quantities but its loss is made good by diffusion or secretion of 
fluid in the intestine, since contents of the bowel at the ileocecal valve 
are quite as fluid as at the pylorus. In the colon, absorption of water 
is not compensated by a secretion, according to Howell. Hay stated 
that absorption in the colon is slower than in the small bowel because 
of the very nature of the mucosa of the two portions, and also because 
of the mucus secreted in the large intestine which tends to inhibit 
absorption. 

Regarding absorption of other substances, such as drugs, there is 
more question. Goldschmidt and Dayton,^®^ and Goldschmidt and 
Binger,^®® using various salts, made extensive studies on the mechanism 
of absorption from the colon. Using dogs, anesthetized with ether or 
paraldehyde, they ligated the lower part of the ileum, placed a tube in 
the cecum and washed through to the anus. They found that distilled 
water was readily absorbed and that it did not injure the mucosa. They 
also noted that the colon did not have a one-sided permeability, because 
sodium chloride passed in or out of the colon, depending on the usual 
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law of osmosis and the level of sodium chloride in the blood. This 
differed somewhat from Diena’s point of view, who maintained that 
the quantity of such substances passing into the intestines is not related 
to the osmotic pressure of the liquid introduced. Goldschmidt and 
Da\i;on and Goldschmidt and Binger also found that the colon behaves 
toward a solution of sodium sulphate like a semipermeable membrane, 
but with magnesium sulphate there was almost no absorption into the 
blood stream, and the failure of absorption of this substance they regard 
as of significance in catharsis. 

The question of absorption of dextrose from the colon has been 
dealt with extensively by AlcXealy and Willems.'"^ They reviewed the 
literature carefully, and their experimental work added valuable knowl- 
edge to this subject. With fasting dogs under hypnosis by barbital, they 
isolated the colon b}' ligatures at the ileocecum and rectum, and likewise 
a segment of the lower part of the ileum, about 50 per cent longer, to 
give about the same absorbing surfaces. They found marked constancy 
in the absorbing action of the colon, but much variation in that of the 
ileum ; this was checked by determination of blood sugar, taken not from 
the peripheral blood as it was by former investigators, but from the 
vessels draining the loop of bowel in which the dextrose had been 
placed. They found no rise in blood sugar in the blood taken from the 
loop of colon, but a marked rise in that taken from the ileum. With 
tap water, they found they could recover 78.6 per cent from the loop 
of ileum and 57.3 per cent from the loop of colon in an hour, and with 
ph)'siologic solution of sodium chloride. 62.6 and 52 per cent, respec- 
tively, was recovered. IMcXealy and W'illems’ conclusions were that 
there was no appreciable absorption of 5 per cent dextrose from the 
colon, whereas there was considerable absorption from the ileum. Tap 
water and physiologic solution of sodium chloride were absorbed rapidly 
by both ileum and colon. The fate of a dextrose enema, according to 
them, is as follows ; It may stay in situ indefinitely ; it may be expelled ; 
its character may be changed by bacterial or other action, absorption 
may take place, or it may pass into the small bowel. The latter is most 
likely, according to them, and the success of this type of enema is due 
to such a process, with consequent absorption in the ileum. In some 
further studies the same investigators found that the presence of 0.45 
per cent sodium chloride in a 2.5 per cent solution of dextrose (a 
ph\'siologic solution of sodium chloride) favored absorption of the dex- 
trose to a certain degree. With the use of sodium bicarbonate and 
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d^mJ Ti "“""T ““ “teorption of 

dexlrose. There seems to be no doubt that fluids introduced by rectum 

are earned as far as the cecum. Whether this is by a reversal of peri- 
stalsis or by more mechanical pressure is debatable. Starling, in a study 
of a patient with a cecal fistula, calculated that 500 cc. of water passes 
the ileocecal valve in twenty-four hours, and about 400 cc. of this is 
absorbed, so he feels that the colon of man is of little significance as 
an organ of absorption, 

A number of drugs have been studied from the standpoint of their 
absorption when given rectally. Hatcher and Wilbert, Menninger 
and Heirn,^^® Lesne, Hoskins,^®* Muirhead, and Barbour and Rappaport 
found epinephrine to be absorbed from the colon and to give the usual 
physiologic effect. However, Menninger and Heim found that giving 
the drug this way is unreliable, producing little if any effect in about 
half of the cases, but that whatever effect there is persists longer, hence 
it should be of advantage when long effect and repeated doses are 
required, as in Addison’s disease. Levy gave digitalis rectally and 
found it taken into venous circulation chiefly by way of the mesenteric 


and portal systems. By a similar method, he gave sodium iodide, and 
by roentgenograpbic methods found it to be absorbed from the lower 
portion of the sigmoid ; with bromides, a similar result occurred. It is 
commonly known that ether and other anesthetic agents are readily 
absorbable by rectum and produce narcosis. 

Urine, without doubt, can be absorbed from the colon, and in birds 
and certain lower mammals this is probably at times a normal condi- 
tion, because of the presence of the cloaca which acts as a common 
receptacle for ejection of both urine and feces. Baird, Scott and 
Spencer showed that the entire output of urine cannot be drained 
into the upper part of the intestinal tract of a dog, as its absorption 
gives toxic symptoms that cause death in from seven to twelve days. 
Likewise, Cecil and Cummings,"*® after studying a case in which implan- 
tation of the ureters was made low in the colon, felt that prolonged 
absorption of these products occasionally produced a picture resembling 
chronic nephritis. However, at present, surgeons do not hesitate to 
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implant ureters into the colon, and the\' regard any dire results from 
absorption as unlikely. 

Absorption of organic substances in the colon takes place to a much 
less marked degree than that of inorganic substances and is of con- 
siderable significance from the standpoint of the value of nutritional 
enemas as well as in the mechanism of digestion and absorption. 

In spite of all the experiments made during the last few years, 
authors do not agree regarding digestion and absorption of nutritive 
matter by the colon. It occurs, of course, to a much larger extent in 
the ileum, as Reid has shown, but studies on the large intestine are 
not so conclusive. Maestrini made colonic stomas at different levels 
in the colon of the rabbit and found that the total nitrogen occurred 
in largest amount in the first portion of the colon and diminished 
toward the middle of the transverse portion, and from that point to 
the rectum remained more or less constant. The maximal amount of 
soluble nitrogen was found in the ascending colon, and fats showed 
considerable diminution as far as the transverse colon, so that Maestrini 
claimed that in the rabbit nitrogenous compounds and fats at least are 
absorbed in the proximal portion of the colon. Reach found absorp- 
tion of gelatin was much greater from the large intestine when physi- 
ologic solution of sodium chloride was added, and Bernheim 
commented on the apparent value of the nutritive enema by citing cases in 
which nourishment was given exclusively for as long as ten months by 
rectum. Eberhard stated that 300 cc. of milk and two eggs could 
be absorbed by rectum in from one to two hours, and Mutch and 
Ryffel found that 88 per cent of the nitrogen of peptonized milk 
could be utilized when given by rectum. The latter authors advised 
against the procedure, stating that toxic materials could be produced 
and absorbed in this manner, and recommended that only dextrose or 
saline solutions be given this way. Scheel noted that milk and eggs 
irritated the rectum and were not absorbed, so came to conclusions 
similar to those of Mutch and Ryffel. Begtrup tried meat and milk 
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‘ n>no-ac|ds along: with sugar solutions, and stated there was a definite 

ahsorheV" f that no doubt some nitrogen was 

atso hcd. In general, CornwalP-*^ obtained similar results and recom- 
mended nutrient eneinas of amino-acids with dextrose and other Buids 

mouth food cannot be given by 

Carnot and Bondouy studied the content of the colon of a man 
dirough a cecostomy opening and found that carbohydrates pass rapidly 
into the cecum in which, for the most part, they are absorbed. The 
presence of starch in the cecum was noted from three to six hours after 
mgcstion, and this also was soon absorbed. Egg albumin was found 
at the cecum in the form of albumin and albumose, but this gradually 
disappeared and albumin, albumose or peptone was not seen in the 
stool, indicating that some absorption took place. 

In this connection, Howell showed that the splitting of the protein 
molecule is completed by the process of putrefaction, and the list of 
end-products is long : peptones, proteoses, ammonia and amino-acids ; 
also indol, skatol, phenol, phenylpropionic acid, phen3dacetic acid, fatty 
acids, carbon dioxide, hydrogen sulphide and marsh gas. Phenol, indol 
and skatol, he stated, are absorbed and excreted in the urine. However, 
from Carnot’s and Bondouy’s study on the absorption of fats in the 
colon, they could come to no definite conclusions. They found neither 
biliary pigment nor bile salts at the cecum, although urobilin was 
present. Aldor found that fats were slower to absorb when given by 
rectum than either carbohydrates or albumins. However, it seems that 
the main difficulty in dealing with nutrient enemas, according to Good- 
man,^®” is that a nitrogen balance cannot be maintained by their use 
alone, due to inability of the colon to absorb or to render absorbable 
nitrogen-containing compounds in the enemas. From Howell’s observa- 
tion it seems that considerable digestion may take place in the colon, 
as dogs with from 80 to 83 per cent of the small bowel removed seemed 
to get .along quite well unless excess roughage or fat was given in their 
diet. Starling, however, stated that little if any absorption of egg 
albumin or caseinogen solution takes place by rectum. In his c.xpeii- 
ments a small amount disappeared in a considerable time, and he 
considered this due to bacterial action. He concluded that feeding by 
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nutrient enemas is of no value and should be limited to saline solutions, 
water and dextrose. 

Excretion. — That the physiology of the colon includes more than 
that of absorption and expulsion is evident from the numerous studies 
which have been made on its fuirction as an excretory organ. Voit,'^^ 
as far back as 1860, noted that in fasting dogs the amount of fecal 
material often exceeded the amount of food eaten, and since then 
many authors have noted that the excretion products of the intestinal 
mucosa take part in the formation of the fecal material. Peola 
stated that in many instances the greatest quantity of feces is not made 
up of alimentar}' products, but of those of excretion from the intestine, 
and especiall}' from the large bowel, although Voit stated that most 
of this excretion is confined to the small intestine. Voit further con- 
tended that almost all of the nitrogen content of the feces comes from 
intestinal secretions. Starling regarded the colon of carnivora chiefly 
as an excretory organ, since it played an important, part in the 
elimination of calcium, magnesium, iron and phosphates, and he also 
mentioned that ulceration found in the large bowel following poisoning 
by mercury may be due to excretion of this drug by this route. 

In his work on dogs. Draper found that the right portion was 
relatively inactive as compared with the left portion in the excretion of 
various drugs and toxins. He noted that in poisoning by pilocarpine 
or diphtheria the mucosa of the proximal portion of the colon was bright 
scarlet, whereas that of the left portion remained normal. In 1929, 
Underhill, Peterman and Steel,^"^ studying the fate of aluminum intra- 
venously injected, found widespread elimination of the metal through 
the stomach and the small and large bowel. Bargen, Osterberg and 
Alann,^®® using dogs with colons isolated as previously described, except 
opening only at the cecal portion, studied the excretion of some of the 
heavy metals. They found that arsenic in the form of neoarsphenamine 
or meta-amino-para-oxyphenyl-arsenic acid, and mercury, mercuro- 
chrome and metaphen were excreted not at all or very little through 
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tlic colon. Bismuth, they noted, whether given by mouth or intramuscu- 

the^ie'-''" intestine. Peola connnented on 

he senous mfiammation of the intestinal mucosa and especially of the 

coion m uremia and stated that toxic materials are probably eliminated 
by this loute He quoted a number of observers wliose experiments 
sliow that under pathologic conditions, such as that in which the kidneys 
ate impaired, urea, salts and medicinal' substances may pass through 
thc intcstines.^ Renon and Ricket^®® found that sugar could be elimi^ 
nated in the intestine in diabetes, so much so as to cause diarrhea at 
times.^ No doubt this may account for some of the attacks of diarrhea 
expeiienced by diabetic patients. Peola, in acute experiments, using 
isolated loops of colon, injected methylene blue (methylthionine chloride, 
U. S. P.) intravenously and found it to be excreted partly by the kidney 
and partly through the colon. After ligating segments of both small 
and large bowel in the cat, Taylor and Fine found only a small 
amount of calcium was excreted through either of these portions of the 
bowel, most of it coming through the kidneys. 

Ilcocccal Valve . — A study of the physiology of the colon would not 
be complete without mention of the ileocecal valve or sphincter, and 
some of its functions. A comprehensive review of the literature will 
not be attempted, but merely a record of outstanding factors influencing 
or influenced by the large intestine. The importance of this sphincter 
is evidenced from the fact that certain observers have stated its proper 
function is just as essential to intestinal absorption as in the pylorus, 
and the former makes possible absorption of 95 per cent of the food 
before the cecum is reached. Alvarez quoted Rutherford and others 
as having observed in patients with cecal fistulas swaying movements 
associated with the to-and-fro contractions of the terminal portion of 
the ileum. About 4 cc. of semifluid feces came out of this sphincter 
in a jet every few moments ; the lumen was enlarged and the circular 
fibers were relaxed. Viault and Jolyet regard this act of the passage 
of excreta from the small into the large intestine as “internal dcRoa- 
tion ” Normally, this sphincter varied in tautness from the condition 
observed by Rutherford in which even a no. 12 French catheter could 
not be passed, to that observed by Short, m which he could easily insert 
his fiiir during relaxation. Maceven was the first oteetver to he 
impresld with the sudden increase in activity of tins s|,liincter .after 

fs?; 

vwf anTj“ "Taifhr 

JIacmillsn Con'PaW’ ^ ,|,c Cam.™ and Appcmli.r. 

159. MaceweUt winiai*'- 
2:995 (Oct. 8) 1904. 



LARSON-BARGEN— PHYSIOLOGY OF COLON 


43 


the taking of food, which Cannon has shown initiates movements in 
the cecum and ascending colon. Hertz and Newton also saw that 
filling of the proximal portion of the large intestine generally took 
place passively and quite slowly, and in this manner, at times, con- 
siderable pressure was exerted when the chyme was forced through 
the sphincter. Berlatzky and Hertz ** noted great increase in the rate 
of passage of contents of the ileum into the colon with the taking of 
food. 

Ileocecal Sphincter . — Alvarez observed that the function of this 
structure is to prevent the reflux of foul bacteria-Iaden contents of the 
colon, when absorption is slight, into the ileum where absorption is 
good, and to prevent too rapid passage of feces through the last seg- 
ment of the small bowel. In event of the latter, no doubt diarrhea 
would often occur and symptoms of true auto-intoxication, whatever 
they may be, might be expected. As mentioned, the ileocecal sphincter 
is subject to reflexes such as the gastro-ileac or feeding reflex. Hinrich- 
sen and Ivy found that stimulation of the pyloric sphincter resulted 
in contraction of the ileocecal structure; likewise, distention of the 
stomach, duodenum, ileum or colon resulted in a similar action. In a 
large series of experiments they found that this sphincter may contract 
through either extrinsic or intrinsic mechanism. They found both motor 
and inhibitory fibers running to it from the vagus and motor fibers 
alone in the splanchnic system. Contraction of the sphincter resulted 
also from stimulation of both the hypogastric and pelvic nerves. They 
concluded that this is as true a sphincter as that of the pylorus, and 
that it stands in the same relation to the colon and small bowel as the 
pyloric sphincter does to the stomach and duodenum. The angle at 
which the ileocecal valve enters the colon has been the subject of much 
discussion because of the relationship it bears to intussuception. In 
cases in which there is disproportion in diameter of the two segments 
of bowel, along with excessive mobility, there is a tendency of the ileum 
to invaginate into the cecum. 

This sphincter is no doubt of significance pathologically, both with 
reference to the digestive tract and the body in general. However, 
definite proof of a mechanism by which any influence of this nature 
takes place is lacking. Incompetence of the valve with regurgitation 
of the contents of the colon into the ileum has been, blamed for many 
human ills, notably auto-intoxication, pernicious anemia, neurosis and 
epilepsy, yet, insufficiency of this sphincter seems to be present too often 
m normal individuals to lay the blame to such mechanism. Alvarez 

_ 160. Berlatzky, quoted by Luciani; Human Physiology, New York, The Mac- 
millan Company, 1913, vol. 2, p. 366. 

161. Hinrichsen, J., and Ivy, A. C. ; Studies on the Ileo-Cecal Sphincter of the 
iJog, Am. J. Physiol. 96:494 (Feb.) 1931. 
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Slated that normally in about 60 per cent of the cases in which a barium 
cnenm given some of it will run back into the ileum, and if the 
he 'g enough or ^le patient holds it long enough, it could always 

K inade to flow back. This is certainly true of many of the laboratory 
animals, especially the dog. However, in the cat, this valve seems to 
le competent under considerable pressure, as Cannon, Alvarez and 
others have noted. Weber emphasizes the fact that distinction should 
be made between insufficiency and patency of the ileocecal valve. The 
former is found in practically all individuals when enough solution 
is introduced through the rectum, whereas patency usually occurs as 
a result of a pathologic condition, such as adhesions from chronic 


ulcerative colitis or chronic tuberculosis in that region. From a clinical 
standpoint, this distinction would seem of significance because it is 
almost invariably the rule that in cases of disease of the right third of 
the colon or of the terminal ileum, there is definite and sometimes severe 
secondary anemia. It would seem that there is more than a mere possi- 
bility that toxic substances could readily and constantly run back from 
the cecum, through the patent valve into the ileum, where absorption 
is notably facilitated. The sphincter seems to be a fairly efficient 
barrier to such regurgitation under normal conditions because great 
pressures are rarely present. However, a serious objection to this 
hypothesis lies in the fact that such anemia cannot be produced experi- 
mentally. In a series of dogs in which this valve was rendered incom- 
petent by operative procedures, unusual variation in the hemoglobin 
and erythrocytes could not be detected in these animals during a period 
of fifteen months, in which estimations were made at least every ten 
days. It would seem that it is not possible to determine that insuffi- 
ciency of this valve is of any etiologic significance in disease. 


INNERVATION OF THE COLON : COLONIC SECRETION 

Section of nerves to the colon seems to influence the character and 
amount of secretion as well as the movements of that organ. The nerve 
supply also is of importance in the evaluation of the experiments 
presented in this study. 

The extrinsic nerves of the colon ere derived ,n general from he 
two portions of the vegetative nervous system. Broadly spesking. t) 

r.'he rolo"wbS; .he s^hmeer of the .™us. Most invest,- 

H.: Personal communication to the authors. 
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gators are agreed that the vagus nerve takes little part in the innerA-a- 
tion of the colon, yet there is some evidence, such as that by Boehm, 
to suggest that in a few animals, the rabbit especially, the vagus does 
influence movements of the large intestine. The sympathetic innen-a- 
tion to the colon, according to Hovelacque,’®^ is formed as follows; 
The superior mesenteric and semilunar ganglions surrounding the celiac 
axis supply the stomach, liver, spleen and small intestines and their blood 
vessels. Ganglions are also present adjacent to the renal arteries, the 
spermatic or ovarian vessels, which supply fibers proceeding along with 
vessels to the respectir'e structures. The sympathetic nerves which 
pass to the colon have for their immediate origin the intercommunicating 
branches between the semilunar and celiac ganglions and the renal 
plexuses. The intermesenteric plexus descends in the median line and is 
joined on each side b}’ the convergent branches from the first to the fourth 
lumbar ganglions, and these three roots form a more or less intricate 
plexus between the common iliac arteries called the presacral nerr-e (or 
plexus). In 20 per cent of cases the latter structure is a single nerve, and 
in 80 per cent it assumes a plexiform arrangement. At any rate, it 
descends into the pelvis and at the level of the first sacral vertebra divides 
into rigiit and left hypogastric nerves, which join the corresponding 
ganglions where the cell stations of these fibers are situated. From there 
the postganglionic fibers of distribution pass to the pelvic viscera, lower 
part of the rectum and internal anal sphincter. 

The inferior mesenteric nerves (sympathetic) supplying the greater 
part of the colon are formed as follows: Immediately below the level 
of the origin of the inferior mesenteric artery a large branch leaves 
the intermesenteric plexus of each side and passes inward on the aorta 
to reach the artery about 1.5 cm. from its origin. Finally, these t\vo 
trunks unite and give rise to three or four large branches which course 
along the lateral borders of the vessels. They do not form a very close 
network around the A'essel, nor are they closely attached to the vessel. 
From these nerves subsidiary trunks arise at the levels of the main 
divisions of the arteries and anastomose rvith one another in avascular 
parts of the mesosigmoid. From this network the final nen'es of 
distribution are derived ; their slender filaments cross juxtacolic vascular 
arcades and enter the wall of the bowel between the terminal branches 
of the vessels. 

163. Boehm, Gottfried: Ueber den Einfluss des Ner\-us vagus auf den Dickdarm, 
Miinchen. med. Wchnschr. 59:1476 (July 2) 1912; Ueber den Einfluss des Nervus 
sj'mpathicus und anderer autonomer Kerven auf die Bewegungen des Dickdarms, 
Arch. f. exper. Path. u. Pharmakol. 72:1 (April 24) 1913. 

164. Hovelacque, A. : Anatomic des nerfs craniens et rachidiens et du systHnt 
grand sympathique chez I’homme, Paris, G. Doin & Cie, 1927. 
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no 01 three large branches accompany the superior hemorrhoidal 
■iilcrv jnyesl Ihe lalcral and posterior walls in a plexiform manner. 

he (hstrihutions of the inferior mesenteric nerves correspond to those 
ot the artery of (lie same name, and toward the end of the transverse 
colon where the left colic artery anastomoses with the middle colic 
blanches of the inferior mesenteric plexus they communicate with fila- 
ments derived from the superior mesenteric plexus. The sympathetic 
muervation of the remainder of the colon is in dispute. Carlson and 
also Cannon ” arc of the opinion that the transverse colon has no 
extrinsic nerves. 


Whether the lumbar fibers which join the inferior mesenteric plexus 
to form the sacral nerve actually contribute functionally to the plexus 
is also disputed, and according to Learmonth and Braasch is a ques- 
tion of great significance surgically in the treatment of Hirschsprung’s 
disease. If tiicy do not, as Delmas and Laux^®' hold, then lumbar 
ramiscctomy and ganglionectoni}', the operation favored by Hunter 
and Royle and by Judd and Adson,’-"® would affect only that portion 
of the bowel innervated by the presacral nerve (lower part of the 
rectum and internal anal sphincter). But if they do contribute func- 
tionally, as Hovelacque contends, then the descending and sigmoid 
portions of the colon as well as the rectum and internal sphincter of the 
anus would be affected. Clinical experience favors the latter view. 

In adult human beings there is no inferior mesenteric ganglion, 
although in the fetus and in the child it has occasionally been identified. 
When present, it is situated at the juncture of the two parts of the inter- 
mesenteric plexus after they have given off nerves to the colon. In 
the dog there is a definite inferior mesenteric ganglion and from this 


J65, Carlson, A, J. : The Extrinsic Nervous Control of the Large Bowel, J. A. 
M. A. 94:78 (Jan. 11) 1930. 

166. Learmonth, J. R., and Braasch, W. F.: Resection of Presacral Nerve in 
the Treatment of Cord Bladder: Preliminary Report, Surg., Gynec. & Ofast, 51: 

494 (Oct.) 1930. , , 

167. Delmas, J., and Lau.x: Constitution, forme et rapports du nerf presacre, 


iilontpelHer med. 49:187 (May 1) 1927. ^ ^ i 

168 Hunter T. I.: The Postural Influence of Sympathetic Innervation of Vol- 
intary Muscle,’ M. J. Australia 1:86 (Jan. 26) 1924; The Significance oi the 
IahMp Innervation of Voluntary Muscle Illustrated by Reference to the Mam- 
enance PostJe TZ Wing, ibid. 1:581 (June 14) 1924; On the Choice 

,{ Procedure Adopted in the Operation of Ramisection for Spastic Paralysis, ibid. 

"1k^Ro”yle!^y^S: The Operations of Sympathetic Ramisection, M. J. 
Australia 1:587 f . Lumbar Sympathetic GangHonectomy and 

(Sept.) 1928. 
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ganglion pass the lumbar colonic nerves accompanying the inferior 
mesenteric artery and its branches.^’^ 

The internal anal sphincter in man is innervated by the thoracico- 
lumbar outflow in one or both of the following ways, according to 
Learmonth and Markowitz ; (1) b}' way of the inferior mesenteric 

nerves through the superior hemorrhoidal branches and branches from 
the hypogastric ganglions and (2) by wa}' of the presacral nen^e. 

In dogs impulses pass from the inferior mesenteric ganglion through 
the lumbar colonic nerves or through the hypogastric nerves to this 
sphincter. 

Bayliss and Starling " claim that the functional activity of the 
sympathetic nervous s)-stem to the distal part of the colon and rectum 
is unquestionably inhibitory. However, there is some doubt as to the 
nature of the impulses to the proximal part of • the colon. Carlson 
stated that the h 3 'pogastric fibers to the ascending and transverse colon 
may be both inhibitory and motor in type, and the result of stimulation 
depends on the tonus or motor state of the bowel at the time of stimula- 
tion. That is, if the colon is atonic to begin with, stimulation will 
cause a powerful contraction, but if it is in a fair degree of tonus or 
rhythmic contraction, the tonus or mobility is decreased. This is true 
of dogs, but not necessarily so of man. Leman agreed to this view, 
stating further that the depressor effect of these nerves occurs only 
in the presence of definite tonus of the musculature, and if such tonus 
is absent no demonstrable effect occurs from stimulation. The mecha- 
nism of this effect may possibly be a contraction of the vessels of the 
intestine. Ludlum and McDonald,^'^ from studies on the movements 
of the colon by roentgenoscopy, and after atropinization, came to a 
similar conclusion, stating that the amplitude and postural tone of the 
large intestine are probably dependent on vagus sympathetic balance and 
may be altered by chemical substances such as atropine and phj'^sostig- 
mine (eserine). Their studies, however, do not seem clearcut in that 
they do not take into account the range of normal movements of the 
colon. The sympathetic outflow to the internal anal sphincter is largely 
motor, according to Scott and Morton, and stimulation of the right 
or left hypogastric nerves or the lumbar colonic nerve will cause con- 

171. Learmonth, J. R., and Markowitz, J. : Studies on the Function of the 
Lumbar Sympathetic Outflow : I. The Relation of the Lumbar Sympathetic Out- 
flow to the Sphincter Ani Internus, Am. J. Physiol. 89:686 (Aug.) 1929; Studies 
on the Innervation of the Large Bowel ; II. The Influence of the Lumbar Colonic 
Nerves on the Distal Part of the Colon, ibid. 94:501 (Sept.) 1930. 

172. Leman, A. E. : Present Status of the Question of Peripheral Innerva- 
tion of the Colonic Movements, Kazan, med. zh. 13:171, 1930. 

173. Ludlum, S. D., and McDonald, Ellice: The Large Intestine and Vagus 
Sympathetic Action by Atropin and Eserine, M. J. & Rec. 123:228 (Feb. 17) 1926. 

174. Scott, W. J. M., and Morton, J. J.: Sympathetic Inhibition of the Large 
Intestine in Hirschsprung’s Disease, J. Clin. Investigation 9:247 (Oct.) 1930. 
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tructions oftliat nmsclc. There arc a few inhibitory fibers as Lear 
nyml. and Jlarkon-ita- have sho,v„, which has been demon’stra.ed by 
Ihe nsc of crsoloxm, a ,lr„g ll.al paralyses motor sympathetic fibers. 

MoU>r A'r/7rj.— The motor innervation of the colon is derived from 
the parasympathetic sj-stem tlirough the pelvic nerves. The latter are 
formed by the union of the fibers of the anterior primary divisions of 
either the second, third or fourth sacral nerve which then divide 
into antciior and jiosterior branches, the posterior traversing, but not 
forming synajises in, the hypogastric ganglia, as do the h 3 ’pogastric 
nerves. The jiosterior branch then reaches the surface of the large 
bowel in a jilexiform manner, and this is similar to part of Auerbach’s 
plexus of tlie small intestine, ibe latter, however, lies between the two 
la\ ers of muscle. Ihc anterior branch of the pelvic nerve reaches and 
innervates the bladder in an identical manner.^ 

Stimulation of the pelvic nerve results in contraction of both the 
circular and the longitudinal musculature; in the dog this makes the colon 
look like a cord. The nerve tires easily. Again, Carlson claims that 
these nerves sujiph’’ onl}’ the distal segment and the cecum and ascending 
jjortions of the colon. He and Cannon are inclined to believe that the 
transverse colon receives no extrinsic nerves. Leman, however, claimed 
from his studies that each muscle of the large intestine receives fibers 
from the sympathetic and from the parasympathetic system. 

One would naturally expect the distal part of the colon to have a 
more potent motor innervation because of the physiology of that portion 
of the bowel and its better developed musculature, present for the pur- 
pose of strong contractions to evacuate the bowel. On the right side, 
or proximal part, of the colon Avhere the contents are liquid and absorp- 
tion is taking place, peristalsis and backward running waves of con- 
striction are all the movements that ordinarily take place. 

The internal anal sphincter relaxes on stimulation of the pelvic nerves 
according to Gaskell,”® Bartle and others, although the hypogastric 
nerves contain a few inhibition fibers, as Leman has stated. The 
depressor action of the sacral nerves is not limited to the sphincter but 
also extends to the adjacent portion of the rectum, and so the lower 
part of the rectum probably contains both types of fibers. Further 
stimulation of the peripheral segment of the divided sacral nerve leads 
to contraction of the lower segment of the rectum. . ^ , 

Clinically, the innervation of the colon is of importance m the treat- 
ment of Hirtchsprung’s disease and other types of idiopathic dilatations 

W. H.: The Involuntary Nervous System, London, Longmans, 

Green & Co., 1920.^ ^ " 


176 . Bartle, H. J.; Mega 
Case; Ramisection Proposed as 
(Jan.) 1926. 
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of the colon. By interruption of the inhibitory impulses through 
cutting the ])re.sacral nerve, or In- luinijar ramisectomy and ganglionec- 
tomy, the motor nerves are left in less disputed control, and at the same 
time the op])osition to the expulsion of the contents of the bowel offered 
by the internal anal s])hincter is removed. 

That the nervous system docs influence the secretion of mucus in 
situations other than in the colon is no doubt true. Barrington,*'® by 
stimulation of the hy])ogastric nerve of a cat, obtained increased secre- 
tion of mucus from Bartholin’s glands. He considered the gland to be 
situated deep!)- enougli so that it was not influenced by events taking 
place in nearb}- viscera. Moreover, as is true with the salivary gland, 
psychic influences are capable of inciting secretion of the gland. The 
large amounts of mucus present in mucous colitis may be due to the 
intervention of the nervous .system analogous to that found in the sali- 
vary and Bartholin’s glands, but this point is still in doubt. It is also 
stated that it is hardly relevant to argue from one case to another, owing 
to different anatomic relationships and histologic appearance of the 
mucus cells in the various situations. 

In a careful study, Florey found that stimulation of either the 
sympathetic or the paras 3 -mpathetic nerves was without effect on the 
amount of mucus secreted by the colon. He used Thiry fistulas made 
in the central portion of the distal end of the large intestine, and by 
biopsy several months after the operation found that the mucosa was 
indistinguishable from the normal. He also used a patch of colon 
entirely separated from the mesentery, and this continued to secrete 
mucus as it would ordinarily. In another series of experiments he tried 
to demonstrate nerve fibers to the mucus-secreting cells by many dif- 
ferent methods but was unable to do this, concluding that these cells 
had no nerve fibers coming to them because by the same methods he 
could see innervating fibers to other glandular tissues, such as the pan- 
creas and salivary glands. Florey summarized the evidence against ner- 
vous control of the goblet cells as follows : ( 1 ) The secretion of mucus 
is normal after section of nerves to the colon; (2) the secretion of 
mucus from a Thiry fistula is small and at a constant rate; (3) tissue 
cultures from chicken intestine show goblet cells developing and pro- 
ducing mucus ; (4) on histologic examination nerves are not demon- 
strated, as in the case of the salivary glands, and (5) colonic secretion 

177. Rankin, F. W., and Learmonth, J. R. ; Section of Sympathetic Nerves 
of the Distal Part of the Colon and the Rectum in the Treatment of Hirsch- 
sprung’s Disease and Certain Tvpes of Constipation, Ann. Surg. 92:710 (Oct.) 
1930. 

178. Barrington, F. J. F. ; The Variations in the Mucin Content of the Bulbo- 
Urethral Glands, Internat. Monatschr. f. Anat. u. Physiol. 30:1, 1914. 

179. Florey, H. : The Secretion of Mucus by the Colon, Brit. J. Exper. Path. 
11:348 (Oct.) 1930. 
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w,i o!,Jamccl from st.nnilation of nerves. In this connection Fforey 
toniinentcd that tlie mcrcascd an7ount.s of mucus seen in mucous coHtil 
do not seem to he (h,c to nervous excitation. He is of the opinion that 
mcrea.^al .^ccrctjon of mucus is due to injury to cells resulting either 
from direct trauma to the goblet cells or from liberation of a chemical 
sub.stance which stimulates the goblet cells. However, Wood,^®® by 
sectioning the vagi, obtained decreased amounts of secretion in both 
small and large intestines even after administration of purgatives, but 
Hay .stated that this could not be, as he claimed not to have obtained 
a change after section of nerves. IMoreau divided the mesenteric sym- 
ji.ithetic nerves and thought he obtained increased amounts of mucus 
from^ the bowel. Hay interpreted these observations as due to an 
inhibiting action of the sympathetic s^’stem on secretion and an excita- 
tory action on absorption, the total quantity depending on a balance 
between the nerves. Any influence which may increase or lessen purga- 
tive action ma}' do this by afTecting the rate of secretion or absorption. 

Heupke summarized the present knowledge of the secretion and 
excretion of the colon. Using a Thir 3 '-Vella t 3 'pe of fistula on a dog, 
he found inorganic components such as potassium, calcium, magnesium 
and phosphoric acid always present, and these made up about 25 per cent 
of the total weight of dried secretion; 75 per cent was made up of 
organic compounds, mainly mucus, but also small quantities of purine 
bases and occasionally amino-acids. Urea, creatinine, cholesterol, and 
indole, skatol and other products of putrefaction were not present. 
Fermentative action was so slight that for practical purposes it can be 
disregarded. Of eleven coal tar dyes, given by subcutaneous .or intra- 
venous routes, none was excreted b 3 ' the colon, and by the use of medi- 
caments in a similar manner, it was found that iodine, bromine and 
potassium thioc 3 ^anate were recovered in small amounts in the isolated 
colon. Potassium ferrocyanide, quinine and gallic acid were not 
recovered from the secretion of the colon. 

Some work which we have done on the secretory activity of the colon 
of the dog, isolated wn'thin the abdominal cavity, will be reported in a 
subsequent paper. Therein reference will be made to work of prur 3 ', 
Florey and Florey, Hertz, Cook and Schlesinger,^®® Florey, and 

Harvey.^®® • 

H. C: On the Influence of f 

iwon the Action of Emetics and Cathartics, Am. J. M. Sc. 60.75 (July) . 

^ 181. Heupke, W. : Ueber die Sekretion und Excretion des Dickdarms, Ztschr. 

f. d. ges. exper. Med. 75:83, 1931. ^ ^ . ^he Action of Saline 
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TREATMENT OF SECONDARY ANEMIA IN 
GYNECOLOGIC PATIENTS 


HOUSTON S. EVERETT, M.D. 

BALTIMORE 

Secondary anemia following excessive uterine hemorrhage consti- 
tutes a frequent and important complication of g 3 'necologfc disorders. 
M'hen the bleeding is the result of such gross lesions as uterine fibroids, 
a severe degree of anemia ma}- present a situation requiring considerable 
delicac}’ of judgment in its handling. A major surgical procedure is 
usuall}' necessary- to stop the excessive flow effectively and permanent^, 
and before the surgeon is justified in operating the anemia must be 
effective!}- treated to an extent sufficient to render the procedure a safe 
risk; this must usually be accomplished in the all too brief interval 
between two prolonged and profuse menstrual periods. It is therefore 
essential that one have at one’s disposal efficient and speedy methods of 
effecting such an improvement. 

For many years iron in one form or another has been the standard 
drug used in the treatment of such conditions, and more recently trans- 
fusion has proved to be of tremendous help. The past six years, 
however, have constituted a period of flux in the treatment of secondary 
anemia, stimulated largely by the epoch-making work of Minot and 
Murphy in the treatment of pernicious anemia with liver and liver 
extracts. So enthusiastic has been the acceptance of liver as a panacea, 
and so widespread its adoption in the treatment of various types of 
anemias, that it has quickly risen from a lowly position as one of the 
butcher’s cheaper wares to that of an expensive drug, thus economically 
handicapping the victims of primary anemia to whom its use is essential. 

Is this indiscriminate use of liver essential? It seems time to pause 
and compare carefully the results of liver therapy with those obtained 
by other methods, and at the same time, if possible, determine the 
speediest and most efficient method at one’s disposal. In an attempt 
to do this I have reviewed and analyzed the records of all patients 
admitted to the g}mecologic service of the Johns Hopkins Hospital from 
Jan. 1, 1926, to May 1, 1931, in whom the hemoglobin on admission 
^vas 50 per cent or below. There were 305 such patients, constituting 
4.6 per cent of the 6,570 total admissions to the service during the same 
period. Of these, 233 were colored and 72 were white in a service that 
admits about equal numbers of the two races. 

Read before the Baltimore Citj- Medical Society, Feb. 19, 1932. 

From the Department of Gynecolog}- of the Johns Hopkins Hospital and 
University. 
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I n: ,k-roo of aoc.nui ,n these 305 patients is indicated in table 1 
Jlie louesl ainonnt of lu-nw^rJobin in the series was 10 per cent 
patient was sunemitr from an advanced inoperable carcinoma of 
t. ttIM^ ^he was given a blood transfusion and was discharged with 
a hemoKlolm, of 3a por cc.l after seecteen days on a Jiver diet and 
pdls of Ivrrous carhonale, U. S. P. The cervix teas cauterised to control 
le lileedmi;. lull the imtieiK teas considered by both surgeons and 
radiologists in be hcyoral the stage of possible real benefit either from 
surgery or irradiation. 

KTtOLOGV OF ANKMIA 

lahle 2 .shows the relative frequency of the various gynecologic 
disorders whicli had preceded the anemia. This table requires only 

1 -\ni.K I . — Dislnlnitioii oj Patients According to Degree of Anemia 


Itfinonlolilii, jH-r Cfiit (Siilill) 

JO!?/) 

21", 0 

.^^^0 

•n.ro 


A’umber of Patients 

16 

44 

SI 

104 


Taiii.e 2. — Frequency of Various Gynecologic Conditions Which Acted as 
Contributing Causes of Anemia 


PiiiBnosis 


Number of Cases 


.Myomntn uteri 

Knclomctriiil liypcrplHSiu nnd blccdinp: without 

f pf fi.n oorvix 

■ nditions 

■ ■ ■ ■ , ■ ■ disease 

Tuhnl preftnanci' ... 

Incomplete abortion 
Tuberculosis of pelvic u..^ 

'rubcrciilosig of the kidney 

Miscellaneous diagnoses 


determined anatomic lesion — 


13S 

57 

27 

19 

24 

11 

9 

4 

1 

15 


brief comment. As would be expected, uterine myomas with associated 
bleeding due to submucous nodules constitute by far the largest group. 
Endometrial hyperplasia and similar conditions, because of the absence 
of any gross pathologic lesion, are not as a rule considered serious, 
but it is seen here that they are probably the etiologic factors m the 
second largest group of anemias. The 19 patients with malignant con- 
ditions other than carcinoma of the cervix include 2 with adeno- 
carcinoma of the body of the uterus, 3 with sarcomatous degeneratioi 
of myomas 4 with hypernephroma and 3 with carcinoma of the bladd . 

"inLe showed exlevnal 

’ fteritonei and 1 with carcinoma of the tube, the anenj was 
Sy o* manifestations of the ravages of the disease. 
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Tlic 2*1 patient? listed as sulTering from pelvic inflammator}'^ disease 
all afforded cxam]iles of the severer forms of this condition such as 
pelvic ahscess. tuhn-ovarian ahscess and pelvic peritonitis. In some of 
these bleeding was a factor. Inn in the majority the anemia was largely 
a jiart of the general debility associated with a severe inflammation. 
The same was time of the tuberculous patients. Pelvic inflammatory 
disease in the chronic form was also associated with many of the 

Taru: 3. — Dia^jnosis, Per Ccr.t of ffcuioghbiu and Operation ni Fatal Cases 


linnoploMn, 


rtineno'!': 

per Cent 

Operation 

Cause of Death 

l*Urciirrrnt carcinoma of errvix; iirttcral 
oli‘-inicUon 

30 

None 

Uremia 

2. Rfcudomyxoinn lif ritotul 

50 

Exploratory 

laparotomy 

Shock 

3. ‘Sloim’hinp iiiyoinn; liKatcral 

icmoral ihroml'onhk'l'ltls 

rin-lG 

Vagina! 

myomectomy 

Phlebitis 

•1. Adcnocardnoinn of corims ulcrl 

r.o 

Panhystercctomy 

Shock 

5. Myoinnta uteri; intrncrnniiil lictnorrlincc 

25 

None 

Intracranial 

hemorrhage 

C. Infooted myoma; pulmonary emboli; lung 
nbscc5,« 

20 

None 

Transfusion 

reaction 

'. Sotcoinn of ovary 

M) 

Exploratory 

laparotomy 

Shock 

S. Myoma; sarcomutou? degeneration with 
mctnstascs 

40 

None 


5* CarcInomnto.«ls; adenocarcinoma of 
ovary 

o0-57 

Exploratory 

laparotomy 

Shock 

10. Tuberculous salpincitis and peritonitis; 
pulmonary lubcrenlosls 

50 

Exploratory 

laparotomy 


n. Jfyomata uteri; Idlatcral tubo-ovarian 
abscess 

50-58 

Hysterectomy; 
bilateral salpingo- 
oophorectomy 

Pneumonia; 

peritonitis 

12. Recurrent carcinoma of ovary; carclnom* 
atosis 

50 

None 


13. Pelvic abscess communicating with sig- 
moid; generalized peritonitis 

GO 

Posterior 

colpotomy 

Infection; 

inanition 

14. Nephrolithiasis; pyonephrosis 

35 

Nepbrcctomy 

CoUapse 

la. Tuberculous salpingitis and peritonitis. . 

39-28 

Posterior 

colpotomy 

Pneumonia 

IG. Myomata uteri; peculiar infection of 
uterus and pancreas 

25 

None 

Intracranial 

hemorrhage 


myomas but was not usuall}' considered an important factor in the pro- 
duction of the anemia, for this was directly attributable in most cases 
to bleeding from a submucous myomatous nodule. 

SURGICAL TREATMENT AND RESULTS 

Thomas S. Cullen, in 1913, reported the cases of 170 patients 
With a hemoglobin of 40 per cent or below treated in the gymecologic 
service up to that time. Among these 170 patients there were 20 deaths, 
hut in 7 of these cases no operation was performed, the condition being 
considered hopeless, and in 9 others the operation was for an advanced 
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innii.uiKuu condition, so that the mortality was for the most part among 

00 ti ckiuen some form of operation. There were 147 laparotomies, 
nsii.d ) for hysterectomy, 119 minor procedures, among which are 
included vagimil removal of submucous myomas, and 6 operations on 
the kidney. On discharge, 146 patients were well, 126 improved and 
1/ unimproved, and there were 16 deaths. Many of the patients classi- 
iied as improved might have been considered well except for the fact 
that it is a conservative rule of the service to classify as improved 
patients sulTcring from such conditions as endometrial hyperplasia in 
which the symptoms are apt to recur. 


The 16 deaths give a mortality for the series of 5.25 per cent as 
compared with a total mortalitj'' in the service during the same period 
of 1.S3 per cent. The majority of the deaths, however, were in patients 
in an absolutely hopeless condition on entering the hospital, 5 of whom 


Taui.e 4. — Postoperative Complications 


CompKcflUon No. of Cnscs 

Hj-pcrpjrc.tln U 

Broncliopncumonlfl 8 

ThromboplilcblUs 7 

Pyelitis ; c 

Sbocl: '< 

Infected Incision 3 

Pelvic al)sce.«s 2 


Complication No. ot Oases 

Secondary hemorrhage 2 

Fecal fistula 1 

Hemiplegia 1 

Intestinal obstruction 1 

Peritonitis 1 

Cystitis 1 


could not be operated on, as will be seen by reference to table 3. There 
were 2 patients, numbers 3 and 14 in the table, in whom perhaps trans- 
fusion might have been of life-saving benefit, but in each of these 
instances every possible effort was made to obtain suitable donors 
without success. 

POSTOPERATIVE COMPLICATIONS 


Postoperative complications, particularly thrombophlebitis, occurred 
less frequently in this series than I had anticipated. In gynecologic 
operations at this hospital we are constantly on the lookout for this 
complication, and particularly so among the anemic pabents, and I was 
rather surprised to find that it occurred only 7 times m the 305 cases. 
?able 4 shows the relative frequency of various postoperative compli- 
cations in the series. 

treatment of anemia 

The use of liver for secondary anemia was begun in the service s 
L o 1926 by Dr. R. Glen Craig, the resident at that time. Prior 
the fall of y administration of a nourishing, high 

“l ric diet with elixir of iron, quinine and strychnine to sf.mulate the 
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appetite, and pills of ferrous carbonate from 10 to 15 grains (0.65 to 
0.972 Gni.) tliree times a day. Transfusions were also frequently 
employed. Liver then came into vogue and was used in quantities of 
200 Gm. a day added to a diet similar to that previously used. In a 
small series of cases no iron was used in order to determine accurately, 
if possible, the beneficial effect of liver per se, but in the majority of 
the cases in mv series iron, quinine and strychnine and pills of ferrous 
carbonate have also been given. For the first few months after the 
introduction of liver, transfusions were used less frequently, but because 
of their unquestioned effectiveness, and particularly because of their 


Table 5. — Chaiincs iu the Percentage of Hemoglobin Following the Several 

Tyfes of Treatment 


Treatment 

Kone 

Amplified diet; Iron, nuinlno and str 5 'chnlnc: pills of fer- 
rous carbonate 

Liver diet; Iron, quinine and strychnine; pills of ferrous 

carbonate 

Liver diet tvlthout Iron 

Transfusion alone 

Two transfusions 

Transfusion; amplified diet; Iron, quinine and strychnine; 

pills of ferrous carhonate 

Transfusion; liver diet; Iron, quinine and strychnine; 

pills of ferrous carbonate 

Liver extract; Iron, quinine and strychnine; pills of fer- 
rous carbonate 

Transfusion; liver extract; Iron, quinine and strychnine: 

pills of ferrous carbonate 

Iron ammonium citrate 

Transfusion; iron ammonium citrate 

Severe infection or advanced malipnant condition treated 

without transfusion 

Severe infection or advanced maii^nant condition treated 
with transfusion 



Average Rise in 

Average 

Xumber ol 

: Hemoglobin, 

Xumber of 

Cases 

per Cent 

Days 

21 

2 

22 

8 

25 

20 

22 

20 

24 

32 

10 

25 

6 

14 

8 

12 

37 

13 

15 

22 

19 

27 

24 

21 

13 

IS 

19 

10 

23 

20 

6 

15 

16 

4 

24 

19 

29 

2 

23 

12 

13 

23 


importance as a time-saving factor, their use, wherever possible, was 
quickly resumed. Within the last two years liver has been replaced to 
some extent by liver extract given in quantities of 30 cc. three times 
a day. 

Beginning about Oct. 1, 1930, Dr. Beebe and Dr. Wintrobe of the 
medical service, who were studying secondary anemias in general, treated 
a small series of gynecologic patients with iron ammonium citrate, 2 cc. 
of the crystals dissolved in a glass of milk three times a day. 

Table 5 shows in composite form the results obtained with these 
various forms of treatment. Of the 305 cases, 197 were used in com- 
piling this table. In the other cases the period of observation was too 
brief or the number of hemoglobin determinations too few to admit of 
accurate conclusions. I must emphasize the fact that the figures are 
all averages and should not be taken too literally, but with this reser- 
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n, mind the following conclusions may be drawn; Some form 

■■lnlXr''*i •“ otoi" a rise in hemo- 

,Ji l»n. ), llK 21 iMticms ,101 iratotl for anemia, that is, who were 
I>ti oti ordinary ward diet without administration of iron, there was 
practically no averap rise in hemoglobin over an average period of 
twenty-two days. 'J'hc older treatment with a nourishing high caloric 
<hel in combination with iron, quinine and strychnine and pills of ferrous 
carbonate apparently gave as good results as were later obtained with 
the addition^ of liver or liver extract. Liver without iron was less than 
half as enicient as all forms of diet with iron. All forms of diet with 
iron succeeded in raising the average of the hemoglobin slightly less 
than 1 per cent a da}’, while the same types of treatment with trans- 
fusion raised the hemoglobin in each case a little more than 1 per cent 
a da}’. A single transfusion in 6 cases is seen to have produced a rise 
of almost 2 per cent a day, while with two transfusions there was a 
rise of more tlian 2 per cent a day. The chief asset of transfusion in 
the cases of simple bleeding, therefore, seems to be a time-saving 
element. In fact, if the 14 per cent average rise in hemoglobin follow- 
ing transfusion alone had been based on determinations made the day 
before and the day after transfusion, the whole rise would probably have 
been found to occur during this period, but the average of eight days 
represents the time consumed after admission before a suitably matched 
donor with a negative Wassermann reaction could be obtained. This 
difficulty in securing donors is frequently encountered for colored 
pntients. Similarly, those patients who bad two transfusions were 
admitted with profound anemia, and on an average eighteen days were 
consumed in preparing for and giving two transfusions and other 
stimulative measures before any operative procedure was considered 
to be advisable. 

The last two items of table 5 show strikingly the value of trans- 
fusion in combating the anemia resulting from wasting debilitating 
diseases. Here it was found to be the only method that was effective 
to any appreciable degree. 

The accompanying charts represent graphically the results in specific 
cases of several of the foregoing methods of treatment. The charts 
are for the most part self-explanatory, but it may be stated that m the 
\fwnt represented in chart 8 the secondary hemorrhage followed 
^ V.1 of the skin sutures on the eighth day following operation. 

example of t.e 
in this type of case. 




Chart 1 (unit no. 1824). — Rise in hemoglobin produced by a high caloric diet 
and iron. The patient was admitted on Jan. 4, and discharged on Jan. 27, 1927. 
The diagnosis was metrorrhagia and cervical polyp. Dilatation and curettage were 
penormed. The vertical arrow indicates the date of operation ; the horizontal 
arrow, the period over which the patient received a 4,000 calory diet, elixir of iron, 
quinine and strychnine, 8 cc. three times a day, and pills of ferrous carbonate, 
0-3 Gm. three times a day. 



Chart 2 (unit no. 8328). — ^Effect on hemoglobin of transfusion and of a liver 
diet without iron. The patient was admitted on Oct. 16, and discharged on Nov. 

’ 1926. The diagnosis was myomas of the uterus. Hysteromyomectomy was 
performed. The two horizontal arrows indicate the periods over which the patient 
received a Murphy-Minot diet; the first vertical arrow, the date of transfusion of 
^ cc. of citrated blood, and the second vertical arrow, the date of operation. 
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Ciinrt 0 (unit no. 239S5 ). — Effect on hemoglobin of a liver diet and iron. The 
I.aticnt was admitted on April 2, and discharged on May 20, 1929. The diagnosis 
^\as nuoinas of the uterus witli subm ;cous nodtile. Panhysteromyome’cfomy and 
bilateral saIpingo-oophorecfom 3 ’ were performed. The horizontal arrow indicates 
the period over which the patient received an amplified diet with 150 Gm. of liver 
daih', cli.\ir of iron, quinine and strychnine, S cc. three times a daj^, and pills of 
ferrous carbonate, 1 Gm. three times a day; the block in the lower left corner, a 
dail\’ hj'podermic injection of 1 cc. of sodium cacod 3 ’late, and the vertical arrow, 
the date of operation. 




EV ERETT— SECOND ARY ANEMIA IN GYNECOLOGY 


59 



Chart 5 (unit no. 4787 ). — Effect on hemoglobin of transfusion, amplified diet 
and iron. The patient was admitted on May 12, and discharged on June 17, 1926. 
The diagnosis was myomas of the uterus. Hysteromyomectomy and left salpingo- 
oophorectomy were performed. The horizontal arrow indicates the period over 
which the patient received an amplified diet with elixir of iron, quinine and strych- 
nine, 4 cc. three times a day, and pills of ferrous carbonate, 0.3 Gm. three times a 
the first vertical arrow, transfusion of 400 cc, of citrated blood, and the 
second, the date of operation. 

Chart 6 (unit no. 34377 ). — Effect on hemoglobin of two transfusions, liver 
extract and iron. The patient was admitted on Dec. 2, 1930, and discharged on 
Jan. 24, 1931. The diagnosis was myomas of the uterus, chronic salpingitis and 
cardiac hypertrophy. Hysteromyomectomy, left salpingo-oophorectomy and appen- 
dectomy were performed. The first two vertical arrows indicate transfusions of 
Citrated blood, 650 cc. each ; the horizontal arrow, the period over which the patient 
received liver extract, 30 cc. twice daily, elixir of iron, quinine and strychnine, 5 cc. 
three times a day before meals, and pills of ferrous carbonate, 0.6 Gm. three times 
^ day after meals, and the third vertical arrow, the date of operation. 
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dissolved in a glass of milk three times a day over the periods indicated by the 
horizontal arrows. The date of operation is indicated by the vertical arrow. 

Chart S (unit no. 26672 ). — This chart illustrates in a striking manner the- 
inefficiency of dietary and medicinal treatment as compared with transfusion in 
cases complicated by infection. The patient was admitted on Sept. 3, and discharged 
on Oct. 27, 1929. The diagnosis was myomas of the uterus and tuba-ovarian 
abscess (right). Hysterom 3 '^omectomy and bilateral salpingo-oophorectomy were 
performed. The horizontal arrow indicates the period over which the patient 
received an amplified diet with 150 Gm. of liver daily and pills of ferrous carbonate, 

1 Gm., three times a day; the two blocks at the bottom of the chart, the daily 
hypodermic administration of 1 cc. of sodium cacodylate; the first two vertical 
arrows, transfusions of 650 and 800 cc. of citrafed blood. Note the sharp rise 
following each of these with the practically fiat curve between the two. The third 
vertical arrow indicates the date of operation, and the fourth, a secondary hemor- 
rhage necessitating a secondary closure of the abdominal incision and accounting 
for the fall in hemoglobin at the end of the chart. 




Chart 9 (unit no. 27363). — The inadequacy of dietary- and medicinal treatment 
in a patient in whom the anemia was due to infection rather than hemorrliage. 
The patient was admitted on Jan. 22, and died on March 11, 1930. The diagnosis was 
left nephrolithiasis and pyonephrosis. Left nephrectomy was performed. The 
patient died of shock on the day of operation. Tlie patient received an amplified 
diet with 200 Gm. of liver daily with elixir of iron, quinine and strychnine, 5 cc. 
three times a day before meals, and pills of ferrous carbonate, from 0.6 to 1 Gm. 
three times a day throughout her course in the hospital. The arrow indicates the 
time when the dosage of ferrous carbonate was increased to 1 Gm. 



Chart 10 (unit no. 20713). — Detrimental effect on rise in hemoglobin produced 
by thrombophlebitis. The patient was admitted on Sept. 17, and discharged on 
L’ov. 2, 1928. The diagnosis was myomas of the uterus and chronic salpingitis. 
Hj-sterom.vomectomy, bilateral saipingo-oophorectomy and appendectomy were per- 
formed. The two horizontal arrows indicate periods over which the patient 
received an amplified diet with 200 Gm. of liver daily, elixir of iron, quinine and 
strychnine, 5 cc. three times a daj-, and pills of ferrous carbonate, 0.3 to 1 Gm. 
t iree times a day. The first vertical arrow indicates transfusion of 500 cc. of 
citrated blood: the second vertical arrow, operation and simultaneous transfusion 
C'trated blood, and the third vertical arrow, the onset of the thrombo- 

Phlcbitis. 
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COXCLUSIOXS 

iToin the study of the forc{,'oing figures, I believe that the following 
conclusions are juslilied: 

1. Secondary anemia, though a frequent and often annoying com- 
[illcafion in gynecologic surgery, by careful preoperative and post- 
operative Irealinent may he rendered relatively innocuous so far as any 
jierceptilile increase in hazard to the patient is concerned. 

2. 'I'rans fusion is the treatment par excellence in such cases, and in 
]iatients suffering from a wasting, debilitating t 3 'pe of disease it would 
seem to he the only type of treatment that produces any appreciable 
benefit, and even this procedure is not advisable in cases of inoperable 
malignant conditions in which radium offers no hope. 

3. If sufficient time is available, very good results may be obtained 
in the simple anemias resulting from bleeding by the use of a nourishing 
amplified diet together with iron, either pills of ferrous carbonate or 
iron ammonium citrate. 

4. The addition of liver to the diet probably has a slightly beneficial 
effect, hut this is not sufficient to render its use essential, and it would 
prohabK' l)c better to reserve the suppl}'’ for the economic benefit of 
snffercr.s from pernicious anemia. 


101 West Read Street. 



EPIDER^IOID CYSTS OF TFIE SPLEEN 

HAROLD K. SHAWAN, :M.D. 

DETROIT 

Epidermoid cysts of the spleen have rarely been reported. A patient 
whom I have followed up for ten years after splenectomy had a megalo- 
splenic cyst lined in part Im a stratified epidermoid structure. This case 
will be discussed before a review of the cases so far described in the 
literature is presented. 

REPORT OF A CASE 

History. — V. X., a white girl, aged 16, entered the Detroit Receiving Hospital 
on June 20, 1922, with the complaint of a gradual enlargement of the upper left 
part of the abdomen during the preceding two and one-half years. There had been 
an occasional slight local pain which was referred to the left shoulder. Once, about 
four months before, there was a sudden, sharp, severe pain in the region of the 
enlargement, accompanied by a marked degree of dyspnea. This was followed by 
a chill and a temperature of 104 F. The fever gradually subsided, and in a week 
the temperature was normal. There were no other acute symptoms. Shortness of 
breath on exertion had increased moderately. There had been no nausea or vom- 
iting, no feeling of fulness after meals and no loss of appetite. There were no 
intestinal or urinary complaints. A loss of 7 pounds (3.2 Kg.) during the two 
months preceding admission to the hospital was attributed to a continuous round 
of good times. 

The patient had had the usual children’s diseases, with diphtheria, tonsillitis and 
smallpox. She had had an appendectomy and drainage of an appendiceal abscess 
five years before. Her menses began at the age of 11 and were never very regular. 
The last period was nearh' two months before admission to the hospital. However, 
there had been no radical change in this function since the onset of the present 
complaint. A severe injury to her left side during childhood was not recalled until 
some days after splenectom 3 o 

Physical E.xamination . — The general physical report, being irrelevant, will be 
omitted. The left costal margin flared markedho In the upper left quadrant of 
the abdomen there was a mass which moved with respiration. It was smooth, soft 
and fluctuant, and was not tender to palpation. The rounded lower border curved 
from the tip of the left eleventh rib across the abdomen, just above the umbilicus, 
and disappeared behind the eighth left costal cartilage. No notch was felt. 

Laboratory Tests. — Analj'sis of the blood showed: hemoglobin, 75 per cent; 
red cells, 4,010,000 ; white cells, 5,800. The differential white count showed : 67 per 
cent poh-morphonuclears, 3 per cent large mononuclears, 26 per cent small mono- 
nuclears and 4 per cent eosinophil cells. The nonprotein nitrogen was 35 mg. per 
hundred cubic centimeters of blood. The blood sugar was 0.235 per cent. The 
\Vassermann reaction of the blood was negative. The urine was normal. 

Roentgen E.vaniination . — The findings in the chest and the gastro-intestinal tract 
ccere reported br’ Dr. H. B. Doub as follows: The stomach and the lower por- 
tion of the esophagus are crowded over toward the right side beyond the midline. 
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Fig. 1 . — A photograph of tlie exterior of the cyst. Note (^) splenic pedicle, 
(B) splenic border and (C) membranous wall of the cyst. 


was accidently included in the pedicle ligatures. There was practically no bleeding, 
and after removal of the spleen no point of oozing was found. The liver, ovaries 
and othe>' intra-abdominal organs appeared to be normal. The incision was closed 
in layers without drainage. 

Convalescence was uneventful. Routine laboratory reports were all within 
range of normal, except that for several days there was a small amount of sugar 
in the urine. The blood sugar dropped from 0.235 to 0.153 per cent, but three days 
later had returned to normal. The patient was discharged from the hospital se^-en- 
teen days after operation. 

FoIIozv-Up Report.— Thenedorth the patient was seen from time to time and 
had no important complaints or findings. In September, 1931, nine years a ter 
oneration she was more completely studied. Her healthy-appeanng baby, nor- 
„rf|y born, after an uncomplicated «amina'tta^^^^^^^ 

tne p,.. ladder, bare,,. 
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palpable inguinal glands and a slight enlargement of the tln’roid. Examination of 
the blood showed no important changes from the findings before operation. The 
blood calcium was 12 mg. and the blood cholesterol 160 mg. per hundred cubic 
centimeters of blood. Roentgenograms of the gastro-intestinal tract revealed no 
pathologic changes; the gallbladder was visualized, and it emptied within normal 
limits. 

Pathologic Report . — The specimen, in the preserved state, was ovoid and 
measured 22 by 17 by 12 cm. (fig. 1). The color was grayish blue. The blood 
vessels showed no gross changes. Most of the splenic tissue was flattened at the 



Fig. 2. — Drawing of the interior of the cyst, showing trabeculae and recesses 
beneath the splenic remnant. A and B are small intrasplenic and subcapsular cysts. 

hilum and over the upper pole of the cyst, and formed about one fifth of the 
e.xternal surface of the specimen. From a maximum thickness of 4 cm., it tapered 
gradually in all directions to become continuous with the fibrous membrane, which 
formed the lower part of the wall of the cyst. On the outer aspect of the lower 
membranous portion there was a scarred area 3 by 2 cm. in diameter. Some 
remains of adhesions were present on the upper surface of the splenic portion. 
-Along the lower anterior margin of this upper portion several small clear cysts, 
averaging from 1 to 2 mm. in diameter, were seen projecting out under the splenic 
Mpsule. Section of the splenic portion revealed a few minute cysts in the pulp. 
The contents of these small cysts were serous. The interior of the lower portion 
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Fig. 3. — High ijower photomicrograph of section taken from the memhranoiis 
portion of the wall of the cyst, sliowing no epithelial lining. 


at operation amounted to 1,500 cc. This fluid was moderately thin, hrownish and 
somewhat glistening, and contained fat, cholesterol and blood elements. No echino- 
cocci were present. A more complete chemical anah'sis was not made. Culture of 
the fluid evacuated resulted in no bacteria! growth. 

The original sections for microscopic e.xamination immediately after splenectomy 
were taken only from tlie membranous portion of the wall of tiie cyst and showed 
fibrous connective tissue without any particular lining. It was nine years later, 

o> 6 0 
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during a follow-up examination, that a more complete pathologic examination was 
made, the result of which is most important in the present report. This microscopic 
examination was made of sections taken from additional areas of the wall of the 
cyst and from beneath the splenic remnant. Those taken from the lower portion 
of the membranous wall of the cyst showed, as originally, nothing of importance. 
The lining cells were mostly of the fibrous variety, poor in nuclei and sometimes 
hyalinized (fig. 3). 



P'b- 4. — High power photomicrograph of a section taken from the membranous 
portion of the wall of the C3’st. The arrow points toward an occasional flattened 
cell, forming the inner lining of the cj-st. 


Approaching the subsplenic area (fig. 4), a disconnected simple and gradually 
a stratified flat cellular lining was encountered next to the lumen of the cyst. In 
the depths of the niches and recesses this lining became from eight to ten layers 
thick (fig. 5). On the surface of the lumen there were several layers of flat or 
spindle-shaped cells, having flattened nuclei. The next three or four layers of cells 
'\ere polyhedral, and the nuclei were more ovoid. The deepest cell la\-er was laid 
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a lining was absent or was flat and single-la}'ered to areas that were from five to 
ten layers thick. The thickest layering was found in the depths between the 
trabeculae, where it rested on a loose connective membrane. Although this stratified 
epithelium resembled the epidermis, it was unlike the latter because of the lack 
of hair follicles, sweat glands, papillary layer and cornification. The splenic remains 
were normal except for an increase in the connective tissue elements. 

This case presents certain things of interest from the clinical, tech- 
nical, follow-up and pathologic standpoints. 
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dominant symptoms were mainly mechanical, while the roentgeno- 
graphic discovery of displaced gastro-intestinal viscera was the most 
valuable preoperative diagnostic aid. A preliminary aspiration of most 
of the fluid contents of the cyst rendered splenectomy easy to perform. 
Contrary to the usual belief, pregnancy may occur in a splenectomized 
woman, as brought out In' the case reported, as well as by the recent 
article of iMussey and Burkdey.'* These investigators reported thirty- 
two pregnancies in a series of twenty-three women who previously had 
had their spleens removed. 

P.-VTIIOLOGIC ASPECTS 

It is beyond the scope of this paper to discuss all t 3 'pes of splenic 
cysts. Suffice to saj' that the\' have been well covered in the papers 
of Fowler,^ Howald," Pool and Stillman." Lubarsch ® and others. They 
are usualh* classified as: (1) dermoid, (2) nonparasitic and (3) para- 
sitic. Fowler " stated that there are two cases of dermoid cysts and 
ninety of large nonparasitic cysts recorded in the literature. That 
parasitic cysts are more common is indicated by bis estimation of a 
possible total of one hundred and ninet 3 '-one cases reported up to 1894. 

Morphologicalh-, nonparasitic cysts can be divided into the large soli- 
tar 3 ' and the small multiple varieties. Based on their possible origin, 
Fowler suggests that nonparasitic C 3 -sts of the spleen be classified as 
traumatic, inflammator 3 ', degenerative, dilative and neoplastic.’ Under 
neoplastic C 3 'sts, which include hunphangiomas and hemangiomas, might 
also be included dermoid C 3 'sts, of which only two have been reported 
(Andral,“ 1829, and Kumaris,^® 1915). 

To date, reports concerning C 3 'sts lined with stratified epidermoid 
cells are but three in number, so far as I have been able to ascertain. 
Because the 3 ' have never been considered together before, I shall at this 
time briefly review the reports and findings. 

I. Schneider (1929) presented before the German Pathological 
Societ 3 ' a C 3 'stic spleen removed from a bo 3 ' of 14 3 'ears. In an exten- 

4. 3Iussej’, R, D., and Burklej', G. G. : Pregnancy Following Splenectomy, 
M. Clin. North America 13:1455, 1930. 

5. Fowler, R. H.; Further Studies of Cvsts of the Spleen, Ann. Surg. 80:58, 
1924. 

6. Howald, R. : Pathogenese der grossen Milzcvsten, Frankfurt. Ztschr. f. 
Path. 33:349, 1926. 

7. Pool, E. H., and Stillman, R. G. : Surgery of the Spleen, New York, D. 
Appleton and Companj-, 1923, p. 254. 

8. Lubarsch, O., in Henke and Lubarsch : Handbuch der speziellen patholo- 
gischen .A.natomie und Histologie, Berlin, Julius Springer, 1924, p. 1. 

9. .\ndral, G. : Precis d’anatomie pathologique, Paris. Gabon, 1829, p. 432. 

10. Kumaris: Milzdermoid und Wandermilz, Arch. f. klin. Chir. 106:699, 1915. 

II. Schneider, P. : Eine splenomegalische Epidermoidzvste, Verhandl. d. deutscb. 
path. Gesellsch. 24:280, 1929. 
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MVO analysis (M llic same case. DinancI (1930) wrote that during the 
(lisLiission which lollowed Schneider's presentation. Lubarsch recalled 
an analo-otis observation (hat had not yet been published. In describing 
the iinin- wall of the cyst. Schneider observed: 

It .shows ,aii cpitiwli.-il hmiitr which at the areas of greatest pressure is uuUormly 
reduced to a .single layer of flat cells or is entirely lacking and then is replaced by 
a fatty granulation tissue. In the still intact areas of growth, however, in the 
recesse.s and niches, there is found a many la.vercd pavement epithelium, from five 
to ten layers high, which sits directly on the splenic trabecular structure without 
any border or has only a loose skinlikc connective tissue layer between it and the 
Irahecnlar structure. Just occasional!}', (he epithelium still shows a trace of a 


germinal layer of dark cells, but for tlie most part, it consists of light, polyhedral 
cells will; a distinct prickle cell layer; at the upper surface are found flattened 
cells without coniificntioii. In spite of many examinations, no cutaneous glands or 
hair follicles could he found. 


To cxjiiain its origin. Schneider believed that during the develop- 
ment of tlie spleen in the mesogastrinm, some embryonic material lying 
in the celomic cavity, capable of forming epidermis, was enclosed in 
the splenic aniage. He denied the possibility of an origin from the 
spleen it.self. He regarded his case as a true epidermoid cyst, and 
remarked tliat so far simple eijidermoid cysts of the spleen seem not 
to have been ])reviously reported. Dinand^- (1930), in discussing 
the same specimen, assumed either an embryologic displacement or an 
autochtlionous formation from the splenic tissue itself as an explana- 
tion of the tumor, and especially of its epithelial lining. 

2. Pohle (1929) reported a cystic spleen with similar microscopic 
findings removed from a 19 year old girl. In his mictoscopic lepoit, 
he stated : “It is remarkaljle to find typical stratified pavement epithe- 
lium at one place or another, many times with clearly distinguished 
intercellular bridges, as the lining of the cyst. Two islands of pave- 
ment epithelium situated in a splenic tissue are especially to be noted. 
Hair follicles and cutaneous glands are not observed anywhere. He 
concluded that his specimen must most likely be regarded as a con- 
genital dermoid cyst, although its development through metaplastic pio- 
cesses nevertheless appeared possible. 

3 Santy “ (1930), in reporting a splenic cyst removed from a toy 
of Is yTl, described a more or less disco, mected ...„er epUheW 
lining consisting of two or three layers of pavement H^’thehuin. H 
!;rf a close reseorWance to the transitional pavement cells of ,l,e 

YviiGid, F. : Riesige epitheliale Solitirej-ste der Mik, Arch. (. Uin- C 

'TpoW?W--- 

14 Santy, P. : Splenectomie pour itn kyste 
cbir.27:101,'l930. 
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Wolffian bodies. The possible embryoplastic origin from a misplace- 
ment of a portion of the wolffian body was also considered by Dinand, 
who recalled the close position of the anlagen of the spleen and the 
generative organs in the early stages of embryologic development. 

COMMENT 

In rer'iewing this group of three cases and my own case from the 
pathologic standpoint, one is struck: Iw the uniformity of the structural 
findings. IMacroscopically, in each there is found a large cyst of the 
spleen. The flattened splenic tissue forms a small portion of the wall 
of the C3'st. the remainder being made up of a fibrous connective tissue 
capsule. The inner wall of the CA'st beneath the remnant of the spleen 
presents numerous tendon-like ridges and trabeculae between which are 
found recesses and niches. ^Microscopically, the inner walls of these 
recesses adjacent to the spleen are lined by stratified, squamous, epi- 
dermoid tissue. Between this and the splenic trabecular structure is a 
loose connective tissue layer. This lining in the recesses resembles the 
skin, except that cornification, hair follicles, sweat glands and papillae 
are absent. 

To explain the ontogenesis of these tumors, and especially of their 
epidermoid lining, one may resort to the theory either of embryologic 
displacement or of autochthonous formation. 

Embryologic Displacement . — It is possible to have an ectodermal 
metaplasia in the splenic anlagen. This island of ectodermal tissue may 
eventually be causative in the formation of a tumor mass and C}’’St. 
However, this possibility is not probable in these cases because of the 
lack of associated structures so commonly seen when an ectodermal 
metaplasia occurs. 

It is also possible that this lining ma}' have its origin in the kidney 
anlagen capable of producing transitional epithelium. The latter, 
under certain circumstances, may simulate the stratified squamous 
epithelium of the skin, including cornification. 

Autochthonous Formation . — According to this theory, it may be 
postulated that mesoderm has the ability to form the products of any 
of the other two primar}" germinal layers. Thus, for some unex- 
plained reason, the C}'st lining ma\' be of the squamous stratified type 
on the basis of a mesodermal origin. This theorj'^ is particular!}' sup- 
ported by tbe work of Fischel.^® He stated that “the ectoderm and 
entoderm furnish the organs in the development of which they are 
concerned, with the epithelial portion only. They, themselves, are 
unable (with the possible exception of the lens and vitreous humor) 

13. Fisdicl, A.: Lehrbucli der Entwicklung des Menschen, Berlin, Juliu.s 
Springer, 1929. 
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to tiovciop J,n „rK,-„, i„ i,s entirely. On tl,e other hand, an organ may 
Cdiisi.t ciuircly oi mesodermal tissue, for the mesoderm is able to 
^pdhcli.'j} dement as well as the connective tissue.” H. 
e tr Jer.”' m hi.s article on the histologic agreement between epithelial 
degeneration and cancer growth (also reported by Dinand), cited 
e.vaniple.s of the apparent formation of epidermoid tissue from a ger- 
minal tis.sue lai-er other than the ectoderm, and concluded that epi- 
thelial tormation in pathologic processes is not bound b}^ the rule of 
sj>eciiicity. iMiiller presented a piiotomicrograph of the inner lining 
of an olecranon Inirsa which looks much like the photomicrograph seen 
in Pohle s report and tliat taken in m 3 ' case of splenic cyst. This 
shows inanv k'a’crs of stratified pavement epithelioid cells, a germinal- 
appearing laver and an underh’ing loose connective tissue la 3 'er which 
simulates the structure of the epidermis. Here, too, cornification and 
cutaneous glands are lacking. From tliese statements, it seems that 
the development of epidermoid tissue from mesoderm ma}' occur. 

SUIUMARV 

1. Ej)idcnnoid cysts of the sjdeen have rare!}' been described. Onl;' 
four instances, including the case here ^wesented, plus another unpub- 
lished case recalled by Lubarsch, have been noted. 

2. So far. all epidermoid c)'sts of the spleen have been described in 
young people. Sex seems to play no especial role, as two occurred 
in boys and two in girls. 

3. Complete and repeated microscopic examinations of all splenic 
cysts may add to the number of these epidermoid cysts. 

4. Tumor and distress in the splenic region coupled with ebmma- 
tion of other tumors by various clinical methods, especially radioscopic 
studies, facilitate the correct diagnosis of large splenic cysts. 

5. Splenectomy, the most satisfactory treatment m large unilocular 
cysts, is facilitated by a premliminary evacuation of the contents of the 
cyst providing the presence of parasites has been ruled out. 

6. A ten year follow-up in the case herewith presented shows no 
apparent morbidity after splenectomy. One case of normal gestation 
in a splenectomized woman is added to those previous y co ec e . 

'"ITMOnlr, H.: Die histologische Uebereinstimmung wischen Epithelregenra- 


tion 
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INVAGINATION OF THE APPENDICAL MUCOSA 
PRODUCING SYAIPTOMS RESEMBLING 
APPENDICITIS 

EVAN SHUTE, 

Assistant Resident, Department of Obstetrics and Gynecology, University of Chicago 

CHICAGO 

In one week in February, 1931, in the course of routine work, two 
appendixes were sectioned which showed unusual lesions, and these 
lesions could be linked up in an interesting way with the clinical data. 
Therefore, I am presenting the cases in detail. 

REPORT OF CASES 

Case 1. — Mrs. A. S., aged 20, who was first seen in the University of Chicago 
Clinics, on Dec. 30, 1930, complained that since a deliver 3 ’ five months previously, 
she had had pain in the lower part of the abdomen and the back almost constantly, 
accompanied by weakness and apparently unrelated to meals or activitj-. There 
was some tenderness low in the midline and in the lower quadrants of the 
abdomen. On pelvic examination the adnexa seemed to be slightly enlarged and 
tender. The Wassermann and Kahn tests were negative. The white cells num- 
bered 6,200 ; the urine was normal. Conservative treatment was advised. 

When the patient was seen on Jan. 13, 1931, she had made no improvement, 
and the masses in the adnexa uteri seemed larger and more tender. She was 
accordingly admitted to the hospital for further observation on Januarj- 29. At 
that time, there was a white cell count of 8,600, a faint trace of albumin in an alka- 
line urine and a sedimentation time of 7 mm. per hour. The temperature was as 
high as 99.4 F. on several occasions. On February 4, a supracervical hysterectomy 
with a bilateral salpingo-oophorectomy was performed by Dr. M. E. Davis. The 
distal end of the appendix was injected and slightly bulbous, so an appendectomy 
was also performed. There was a febrile course, and the patient was discharged 
on February 18, with a small elevation of daily temperature (from 99.2 to 99.8 F.). 
When the patient was seen on May 18, for the last time, she had made an excellent 
recovery and seemed quite normal. 

The gross operative specimen showed nearb' normal tubes and ovaries, with 
a slightly thickened appendix. Microscopically, the tubes and ovaries were also 
almost normal, but the appendi.x showed unexpected changes. Inside the usual 
muscular coat was a thin layer of condensed and atrophic lymphoid tissue which, 
in a few places, showed the typically glandular character of mucosa and submucosa. 
Intimately apposed to, and within this la 3 'er, was an exactlj' similar one, but the 
two laj-ers were everywhere distinct and in some places definiteh- separated. 
The line of demarcation between them was continuous and regular throughout the 
whole circumference of the sections studied. Inside the inner glandular laj’er and 
outside the outer laj-er was a loose structure composed of strands of muscu- 
laris. The mucosa and submucosa at the center of the section were not involved. 
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Fig. 1. — Low power view of appendi.v (case 1). 


The pain in the left lower cpiaclrant soon subsided, and was followed by pain in 
the right lower quadrant, which was dull and steady, but became sharp on deep 
respiration, slight movement or jarring of the bed, and radiated to the right upper 
quadrant and epigastrium. This was constant for three weeks. She vomited once 
in the early part of her illness. The distress had no relation to food or bowel 
movements. At times the weight of the bed clothes was painful. When the patient 
was admitted she had residual soreness in the lower part of the abdomen, especially 
in the right lower quadrant. Examination revealed tenderness in the right lower 
quadrant, especially over McBurney’s point, with slight spasm of tlic right rccUis. 
Pelvic examination showed retroversion of the uterus and resistance in the ngif 



Fig. 3. — Higli power view of appendix (case 2) sliowing clear]}- the two layt 
of mucosa approximated by the invagination. 
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Fig. 4. — Diagrammatic representation of the phenomenon of invagination of 
the appendical mucosa. 


the right lower quadrant. Another brief epigastric attack occurred at 9 a. in. 
The patient was readmitted to the hospital, and was found to have no fever or 
abdominal rigidity, but some tenderness at McBurney’s point, with definite rebound 
tenderness. The symptoms rapidly subsided and again a diagnosis of an atypical 
subsiding acute appendicitis was made. Pelvic examination on January 26 showed 
the left ovary slightly adherent and enlarged and a right ovarian mass that was 
tender and adherent. On February 5, these masses had enlarged. At the time 
of the second admission the white cell count was 17,000, of which 45 per cent were 
polymorphonuclears and 45 per cent lymphocytes. The urine was normal. On 
February 6, the sedimentation time was 33 mm. per hour. The following day Dr. 
F. L. Adair performed a bilateral salpingectomy and removed the appendix. There 
were filmy adhesions about the tubes and evidences of salpingitis, but the appendix 
seemed normal. There was an easy postoperative course, and when seen on ilfarcli 
12 the patient was found to be in good health and free from symptoms. 
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Examination of the operative specimen showed characteristic inflamed tubes 
slightly thickened and congested. The appendix was slightly thickened, and there 
were recent fibrinous adhesions about it. ^licroscopicalh’, there was a t 3 -pical 
subacute salpingitis and an interesting appendical condition essentially like that in 
case 1. However, there was no such definite atrophy of the mucosa and submucosa 
of the outer ring or of the apposed portions of the invaginated mucosa (figs. 2 
and 3). 

Figure 4 represents diagrammatically the lesion characteristic of these two 
cases, as seen on sagittal section taken through the appendix. 


COMMENT 

The literature contains many reports of complete or partial intussus- 
ception of the appendix. In 1922, Szenes ^ collected the literature up 
to that time. He found only one case of intussusception of the appen- 
dix into itself in which there was no cecal involvement as well, viz., 
the case of Kuss and Guimbellot. However, he cited Rolleston’s * case 
and Schmidt’s two cases, in all three of which there was a pseudo- 
invagination and incomplete involvement of the appendix. In a later 
review, Huddy ® remarked that Szenes apparently overlooked the cases 
of Treves, Johnson,^ MacClennan’s ** two cases, and an unpublished 
specimen in the museum of the Royal College of Surgeons obtained 
by H. B. Robinson.' Szenes also overlooked several cases cited by 
Battle and Corner* in their good review of 1911, namely. Bishop,® 
Furniss and Grisel." Huddy adds to the list of the cases published a 
number appearing since Szenes’ paper, namely, those of Evans, Hips- 
ley,^® Brin and Fruchaud-Brin,“ Huese,’® Trince,^® IMcIntosh,^' and 

1. Szenes, A.; Arch. f. klin. Chir. 119:88, 1922. 

2. Rolleston, H. ; Edinburgh M. J. 4:21, 1898. 

3. Huddy, G. P. B.; Brit. J. Surg. 14:580, 1927. 

4. Treves, Frederick: Intestinal Obstruction, Philadelphia, H. C. Lea, 1884, 
p. 172. 

5. Johnson, G. : Brit. J. Surg. 3:564, 1916. 

6. MacClennan; Clin. J. 48:78, 1919. 

7. Robinson, H. B., cited in Battle, W. H., and Corner, E. M. : Surgerj- of 
Diseases of the Appendi.x, London, A. Constable & Companj', 1910, p. 193. 

8. Battle and Corner (footnote 7). 

9. Bishop: Chironian 10:81, 1902, cited bj- Battle and Corner. 

10. Furniss: Am. J. Obst. 58:307, 1908. 

11. Grisel, P. : Maladies du tube digestif, Paris, 1908, vol. 2, p. 333; cited br' 
Battle and Corner. 

12. Evans, A.; Brit. J. Surg. 9:565 (April) 1922. 

13. Hipsley, P. L.; 3^1. J. Australia 2:65 (July 15) 1922. 

14. Brin and Fruchaud-Brin; Bull, et mem. Soc. anat. de Paris 93:243. 1923. 

15. Huese, J. F. O.; Nederl. tijdschr. v. geneesk. 1:2393, 1923; cited br' Huddy 
(footnote 3). 

16. Trince : Riv. di din. pediat. 21 : 10, 1923 ; cited bj- Huddy. 

17. McIntosh, R. D. : J. Australia 1:216 (Feb. 25) 1922. 
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. Cnnntn wincli I\I. -10001-111011 iiiciitioncd to complete the list of publi- 

c:i{ioiis (o (late. ‘ 


] J(nvc\-cr. no case so far reported seems to present quite the same 
conditions as those found in the tivo cases reported in this paper. It 
IS true that KoIIeston noted tliat in his case the mucosa alone was 
involved in the iiitussusceptum, and that except for the dense adhesions, 
faun the outside nothing abnormal would be suspected. The lesion was 
discovered onh- at autopsy when the cecum was opened; the invaginated 
portion was only about Yz inch long (12 mni.). In Schmidt’s two cases 
there were appendical cysts, and the appendix seemed normal external^. 

atson's case was very similar to Rolleston’s, and led to the forma- 
tion of a long intussusceptuin. 

Ajipcndical valves are not described in the literature, so far as I 
know, '1 he picture ju'esented b}' our specimens would not coincide 
ei'cn w-ith such an exjilanation, how-ever. It is true that the segment of 
appendi.x containing the invaginated mucosa w'as only a few millimeters 
long, as was found by taking serial sections of the involved portion. 
Intestinal valves rarely extend around the wdiole periphery of the bowel, 
hut teucl to he crescentic. The sections of our specimens all showed, 
how-ever, a symmetrical relation of the containing and contained portions 
of the appendix, and Dr. F. L. Adair commented on the importance 
of this feature in diagnosis. Prof. H. G. Wells remarked on the pres- 
sure atrophy of the mucosa and submucosa of the outer ring, which 
w-as seen best in case 1 , in w'hich the impression of an invaginated por- 
tion sufficiently large to exert considerable pressure for some time was 
obtained. It was suggested by Dr. R. S. Jason and later by Prof. H. G. 
"Wells tliat this wms a sort of intussusception of the appendical mucosa. 
The slides have been studied by Dr. F. L. Adair, Dr. R. S. Jason and 
Dr. H. G. Wells, and all agreed on the diagnosis. 

Christeller and Mayer (see Rossle) and Rossle have observed a 
few cases in which portions of mucosa had grown down into the 
muscularis along fistulous tracts or to line abscesses in the wall. Rossle 


18. doCouto, J.-E. ; Etude sur I’invagination de I'appendice, These de Pan.s, 


1925; cited by Huddy. 

19. Bobrik, N. : Zentralbl. f. Chir. 41:518 (March 2) 1929. 

20. "Whitrow, F.: Brit. M. J. 2:181 (Aug. 2) 1930. 

•71 Horn, H. W. : Ann. Surg. SI; 1002 (May) 1925. 

2? Hamilton, T.: M. J. Australia 1:408 (April 4) 1931. 
23. MacDermott, E. N.: Brit. M. J. 1:793 (May 9) 1931. 


24. Watson, J. H. ; Lancet 2:942, 1911. 

25. Rossle, R. : Mitt. a. d. Grenzgeb. d. Med. u. 


Chir. 42:143, 1930. 
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shows a fine picture of such a specimen. A moment’s consideration 
will show how different is the picture presented by the appendixes in 
the present cases. 

It is to be noted that the muscularis in the deep submucosa in both 
these appendixes was very loose and almost fragmented for a consider- 
able distance on each side beyond the actual site of the telescoping 
phenomenon. This allowed eas\' motion of the mucous layer on the 
adjacent wall. No inflammatory process ensued in these appendixes. 
The filmy adhesions seen in case 2 were entirely of pelvic origin. 
Microscopic examination did not reveal periappendicitis or appendicitis. 
The symptoms developed in each case from a lesion that was entirely 
mechanical. The observations were quite accidental. Most normal- 
appearing appendixes are casually treated ever3nvhere, and one cross- 
section is usuall}' thought sufficient to demonstrate the presence or 
absence of inflammatory involvement. However, the importance of 
longitudinal sections or at least numerous cross-sections of every appen- 
dix is clearly demonstrated b}' the aforementioned observations. 

The symptoms in case 2 were definitely appendical, of four weeks’ 
duration, and were characterized by at least two exacerbations suffi- 
ciently marked to warrant admission to the hospital for appendicitis. 
The classic phenomena were present to some degree, but there was no 
fever. The vomiting was slight; the leukocytosis, especially of poly- 
morphonuclears, was slight, and the symptoms were unduly prolonged 
at a subacute level. There was no marked rigidity and no modi- 
fication of bowel or urinary habit. The whole picture in this case, of 
course, was complicated by the adjacent active salpingitis, but I think 
that the major portion of the symptomatolog}' was due to appendical 
factors. In case 1 the patient showed abdominal distress and pelvic 
signs of a more indefinite character, but the only significant finding 
was the appendical one, and most of the patient’s S3'mptoms must be 
ascribed to the appendix. 

The occurrence of repeated appendical attacks, none of which is 
definitely an “acute appendicitis,” with its characteristic low fever, 
vomiting, leukocytosis, temporar3' constipation, or urinar3' frequenc3% 
marked right rectus rigidit3^ and localized tenderness should suggest 
the possibility of an appendical lesion of a t3'pe not hitherto suspected. 
MacDermott noted that slight intussusceptions may produce vomiting 
late or early, with no rise in temperature, pulse or increase in abdominal 
rigidity until the appendix becomes inflamed. j\'Ian3- a surgeon has felt 
slightly ashamed to operate for “appendicitis” of this t3'pe, even if it 
produced prolonged and marked discomfort such as was found in our 
two cases; he has been more regretful when no gross or microscopic 
changes in the suspected organ were visible. In such cases more cross- 
sections or longitudinal sections might have revealed just such a lesion 
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I.scussii,- iMacDcrnioU wonders, “if recurrent intussuscep- 
tion. siiontaneously reduced, may not frequently be the real lesion in 
many cases winch. thoui,di presenting no obvious lesions at laparotomy, 
are relieved ol symptoms by appendectomy.” He cited Alvarez' films 
ot iiUestmai movements which show intussusceptions occurring and 
reducing themselves spontaneously. He mentioned an unpublished 
observation of Myles of such an invagination of the appendix into the 
cecum, (iccurring sjiontaneously and reducing itself with regular rhythm 
in a patient on whom he was oijcrating for cecal hernia. He ascribes 
the beneficial elfects of atropine in some cases of “chronic appendicitis” 
to similar processes. 

As regards etiology, it is now gcnerallj^ accepted that the appendix 
is a mobile organ with jieristaltic activity. Movement of the internal 
layers may occur apparentl}' even when the serous coat is fixed by 
adhesions, as in J^olleston’s case and our case 2 . Boheme and Reny 
remarked that at the a])pcndix the colon's antiperistalsis meets the ilea! 
and ai)pendicular ])cristalsis so that telescoping at this site readily 
develops. At the meeting place of these waves of ])eristalsis and anti- 
joeristalsis adjacent ])ortions of virtually the same organ are s3aichron- 
ously relaxed and contracted, a situation which is ideal for telescoping 
])henomena. If there is a mild inflammation adjacent to the appendix it 
is probably stimulated to increased activit}'. It is well known that the 
ileocccal-ai)]')endicular region is the focus from which most intussuscep- 
tions of the bowel begin. If the distal end of the appendix is adherent, 
the waves from the bowel running into it tend to force it into the adja- 
cent distensible cecal cavity or into its own relatively large base. The 
factors that influence intussusception of the organ, as a whole, also have 
the same effect on its component layers, especiall}' when those la3'ers aie 
loosely bound together, as in the cases which I am reporting. There 
is no good reason why the factors necessary to produce such lesions 
should not often arise, and I suspect that they are not uncommon.^^ 


26. Boheme, P., and Reny, P.: Rev. de chir. 47:287, 1929. 

27. Dr. F. L. Adair and Dr. M. E. Davis gave me permission to publish (lie 

two cases described. 
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IXTRODUCTIOX 

The present communication is concerned rvith osteomyelitis of the 
flat and irregular bones of the skull exclusive of the maxilla. The 
principles of the pathogenesis of acute osteomyelitis in general will be 
incorporated in this paper as the}' apply to osteomyelitis of the skull, 
and any differences from the usual manifestations found in the long 
or other irregular bones of the body will be found to occur as a result 
of the essential structure of the cranial bones. Any extraordinar}' 
phenomena associated with osteomyelitis of the skull that occur in a 
large clinical group result from its origin in the neighboring nasal 
accessor}’ sinuses or in the otologic apparatus, and are associated mainly 
with the development of intracranial secondary complications which 
commonly dominate the clinical picture. 

In this communication I shall consider only those cases of acute 
osteomyelitis of the skull that are caused by the common pyogenic 
organisms — staphylococci, streptococci, pneumococci, etc. I shall not 
include any cases due to infection by the tubercle bacillus. Spirochaeta 
pallida or by Actinomyces. 

Cases of acute osteomyelitis of the skull frequently last a long time 
and assume the characteristics of a chronic infection; such cases are 
included, as one should consider them to be long drawn out cases of 
acute osteomyelitis. Xo other variety of chronic pathologic process of 
the bones of the skull is, however, included in this discussion; neither 
are the forms of necrosis of the skull due to phosphorus or other similar 
forms of poisoning, nor the group of peculiar cases marked pathologi- 
cally by various forms of hypertrophic osteitis included. Cases of acute 
and chronic bone change associated with certain forms of essential 
blood disease are, of course, completely separated from the subject. 

HISTORICAL 

Although osteomyelitis of the skull undoubtedly must have occurred 
trequently prior to the eighteenth centur}- as a consequence of civil and 
military injuries about the head, involving the skull, the association of 
the injury and the consequent clinical manifestations with infection of 
the bone tissue of the skull was not suspected or recognized until long 
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II ho Ks. ( he sicul! conditions were first described by Pott ^ in 1768 

under (he name of hone contusion. He believed that these lesions were 
always caused only by contusion. He assumed that in every severe 
contusion detachment of (lie dura mater is caused by an extradural 
hematoma ; (hat tlic hematoma irritates the dura, and that the irritation 
increases and cause.s suppurative inflammation. In 1859, Chassignac = 
suspected that the condition was a true hone disease, but this remained 
only a theory until it was jiroved by Lannelongne® in 1879 that cranial 
para-osseous aiiscesses were due to disease of the bone itself. It was 
tlien still ;i hundred years before the real nature of the disease was 
known, and the route of infection was not discovered until even later 
than that. In 1882, Fischer ' wrote of apparently spontaneous inflam- 
mation of (he skull that it was jM'obably caused by progressive suppura- 
tion in the neighboring tissues. In 1889, cases of cranial osteomyelitis 
liaving an origin in the nasal accessory sinuses were described by Luc “ 
and Tilley." l-atcr cases were reported in which there was an otologic 
origin. I'inally, as hacteriologic knowledge increased, it began to be 
recognized that osteomyelitis of the skull could also be hematogenous 
or metastatic, and the first mention of this etiologic relationship is made 
by von Bergmann ' in his “Handbook of Practical Surgery” in 1900. 

FREQUENCY 

In the modern period, and especiall)' in the antiseptic and aseptic 
periods, cases of osteomyelitis of the skull following injury have become 
scarcer and scarcer, so that now it would be difficult, I imagine, for any 
one to gather together a hundred cases of traumatic osteom 3 'elitis of 
the skull from his own experience, as Fischer did in 1882. On the other 
hand, with increasing knowledge, cases due to other causes, especially 
to nasal accessory sinus disease, have seemingly increased in number 
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because the medical profession has learned to look for them and to 
recognize the etiologic relationship, and because attention is forcibly 
called to the lesion by the dramatically dominating secondary intracranial 
complications which take place. 

One reason why nontraumatic forms of osteomyilitis of the skull were 
not recognized for such a long time is that they are so rare. Scheinziss ® 
found that among 1,782 cases of osteoih 3 'e]itis of the long and flat bones 
there were only ten of osteomyelitis of the skull ; in Kiel there were four 
cases among 400, and in Kallenbach’s ^ clinic, three among 620. Accord- 
ing to Trendel,^" only fir-e cases have been seen in the Tubingen clinic in 
fifty years; in Kiel four cases have been seen in twelve years, and in 
Poppert's clinic in Giesen, three cases in fourteen years. 

According to the records at Mount Sinai Hospital for the period 
from 1924 to 1931, there were 331 cases of acute osteomyelitis of all 
the bones of the body ; among these there are records of seventeen 
cases of osteomyelitis of the skull — a percentage of 5. 

In my own e.xperience I have seen osteomyelitis of the skull as a 
hematogenous infection in one case, as an operative infection in one 
case, as a complication of nasal accessory sinus disease in two cases, and 
several traumatic cases — all of this in a space of twenty years. I believe 
this to be an average experience for a general surgeon. 

According to Trendel,^® who collated the statistics of Haaga^^ and 
Frdhner,^- osteomyelitis in the flat bones occurs in the relationship of 
1 ; 6.6 to osteomyelitis in the long bones, and osteomyelitis of the skull 
occurs in about 3 per cent of the cases in the flat bones. 

Taking the matter all in all, the number of cases of cranial osteo- 
myelitis that are encountered at the present time in hospital and private 
practice are small and, possibly, will continue to grow smaller owing to 
greater knowledge of prophylaxis, especially in the care of the provo- 
cative origins in the nasal accessorj' sinuses and in the otologic 
apparatus. 

CRANIAL AREAS INVOLVED 

The commonest location for the development of an osteom)'elitis of 
die skull is the frontal and the parietotemporal regions. This is in 
correspondence with the common locations for the reception of head 
injuries, and because of the close contiguity to the frontal and other 
nasal accessory sinuses and to the auditory apparatus — the commonest 
sources of an extension form of osteomyelitis of the skull. 

8. Scheinziss, M. W., quoted bj' Kallenbach (footnote 9). 
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Frontal and temporal 

2 times 
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AGE 

In consequence of the j)rotean character of the causative origins of 
cases of osteomyelitis of the skull, the prevalent ages at which the cases 
.-iccin to develop arc in conformity with the ages for whicii these origins, 
trauma, nasal accessory sinus disease, etc., seem to haA'e some special 
predilection. Traumatic cases are likely to occur at any time; extension 
cases, especially those of nasal sinus origin, are also likely to occur at 
any age, but develop usually in j^oung or middle adult life; hematog- 
enous cases follow the prevalence of these acute general infections with 
localizations in the bones and are apt to occur in childhood, at ptiberty 
or young adolescence. In the cases at Mount Sinai Hospital the age 
distribution was as follows : 


Up to 10 years 
11 to 20 years 
21 to 30 years 
31 to 40 years 
41 to 50 years 
51 to 60 years 
00 to 70 3 'ears 


5 cases 

4 cases 
I case 

1 case 

5 cases 

2 cases 
1 case 


PATHOLOGIC PROCESS IN OSTEOMYELITIS OF THE SkLIX 
A-occ Patholoctv-UM cases affecting the external table of the 
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bones limited to a relatively small area of the cortex. The circulation 
becomes shut off from a number of A'essels in the external table and, 
depending on their number and on the e.xtent of collateral circulation, a 
segment of hone is sequestrated and discarded. The sequestrated parts 
take the form of small flakes of hones, or thin segments of irregular 
shape. The suppuration that accompanies this gathers between the outer 
table and the pericranium and corresponds to a subperiosteal abscess of 
the long hones. 

INIild cases affecting the internal table correspond in their particulars 
to those of the e.xternal table. 

In more severe cases of osteomyelitis of the skull involving both the 
external and internal tables of the skull, and in the diffuse and in the 
spreading varieties, the pathologic process is more extensive, and a 
dominant place is taken by the diploic network of veins. The descrip- 
tion that follows applies generally to all types of osteomyelitis of the 
skull without reference to the etiologic cause or condition ; it is, however, 
particularly applicable to cases that result from disease in the nasal 
accessory sinuses. The pathologic anatomic appearances of the lesions 
vary with the stage of the disease. In the early stages, the hone presents 
no abnormalities evident to the naked eye, although during life the diploe 
might perhaps show some congestion. In the next stage, the diploe on 
section is seen to he markedly hyperemic and to he interspersed here and 
there with drops of pus. This is followed by the conversion of the 
medullary tissue of the diploe into granulation tissue bathed in pus. 
which, on section of the bone, exudes copiously from the cut surfaces. 
Thrombosed veins may he seen occupying the diploe. In the third stage, 
the purulent secretion, finding its way to the outer and inner surfaces 
of the Ijony cranium h}' the vascular channels or through minute open- 
ings formed by the resorption of bone tissue, collects to form abscesses 
between the bone and the pericranium on the one hand, and between the 
hone and the dura on the other — the para-osseous abscesses. 

In the external variety of abscesses, the pericranium, raised off’ the 
surface by the accumulation, quickl}’ undergoes dissolution, so that the 
collection of pus comes to lie in the subcutaneous tissues of the scalp. 
No delimiting abscess wall is formed, but the pericranial abscesses are. 
nevertheless, when they are multiple, quite discrete and separate from 
each other. These are the doughy or puff}’’ swellings of the scalp, which 
form a striking clinical feature of the disease. 

The dura shows little or no tendency to break down for considerable 
periods of time. Larger and smaller collections of pus gather in the 
extradural space which, when sufficient^ large, may give rise to com- 

13. The anatomy of the diploic veins is described subsequently. See section on 
“Pathogenesis.” 
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prossion of tlic intracranial contents. The bony (external) wall of the 
abscess remains bare, but the dural (internal) surface becomes covered 
with sbagitv granulations. Fine adhesions are usually demonstrable 
between tliJ deep surface of the dura and the underlying arachnoid. 

'J'bc fourth stage of the lesion is marked by more or less widespread 
destruction of the tables of the skull, the external usually giving way 
before the harder vitreous, liy this time more or less extensive areas 
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rapidity and exuberance in osteomyelitis of the long bones, either does 
not appear at all. or is scarcely perceptible. On microscopic examina- 
tion, some little attempt at regeneration may be visible, but it is entirely 
overshadowed by the processes of destruction. Indeed, in this respect, 
as in many others, the reactive efforts of the tissues seem to be feeble 
and incompetent. In favoral^le cases, in which healing and cicatrization 
become definitely established, however, the gaps made in the skull bv 
the spontaneous, or operatively produced, loss of tissue are almost filled 
up again by the formation of new bone. 



Fig. 2. — Higher power picture of one of the diploic spaces, showing the 
dilated diploic veins and the suppurative inflammation that is present. Osteoclastic 
destruction of the bone is visible at the peripherj- of the space ; X 140. 

Microscopic Pathology. — Microscopically, early specimens show that 
the first changes consist in an invasion of the bone spaces by micro-organ- 
isms, with round cell infiltration of the medullary spaces, the walls of 
which, at this period, are still quite smooth, or are only just beginning to 
show some signs of lacunar absorption. The diploe is hyperemic and 
congested. Its consistency is decreased, and it contains small fungous 
growths and droplets of pus. It soon becomes grayish and contains 
sequestrums. They are generally numerous and small and mav remain 
'll the bone for a more or less long time or may be eliminated. Tire 
ulterations of the bone are especially seen on the external table. 
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Fig. 3. — Higher power picture of the periphery of one of the diploic spaces, 
showing in greater detail the osteoclastic destruction of the cranial bone; X ISO- 

The lesions are seldom confined to the bones, but the integuments 
become inflamed and infiltrated with pus. A case is described in the 
literature by Smith in which a segment of skull with its covering of 
scalp exfoliated in one piece. 

The dura mater is always aflfected and becomes thickened and 
oranular throughout the entire extent of the lesion of the bones. If the 
fesions do not evolve too rapidly, adhesions are formed in the arachnoid 
and the brain is protected against encephalitis. But once the natural 
resistance is overcome, the infection may reach the pia mater and cause 

i^Tsmith; Tr. Clin. Soc. London 3:163, 1870. 
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any of the varieties of meningitis, or the suppuration may extend to the 
brain and the large cerebral sinuses. The latter seems to be the most 
common complication. 

In cases in which general blood infection occurs, the viscera show 
lesions of a general infection (pyemia). The liver may be increased 
in size and may show amyloid degeneration. The spleen becomes hyper- 
trophied. The lungs show nodules of hepatinization and bronchopneu- 
monia. 

P.A.THOGEXESIS 

According to the pathogenesis involved, cases of osteomyelitis of the 
skull can be divided into three groups : primary, hematogenous and 
extension cases. 

PRIM.rRY CASES 

In common with the usual forms of osteomyelitis of the long bones, 
and to a much less e.xtent, osteonwelitis of the skull is at the present time 
a comparatively rare phenomenon as a primary disease of the skull, 
because it can result onh' as a consequence of trauma. 

Traumatic Cranial Osteomyelitis . — In 1923, Kallenbach could 
gather from his own e.xperience only five cases of osteomyelitis of the 
skull which followed trauma. In one case a blow resulted in a wound 
which, having apparently healed, opened some days later and discharged ; 
bare bone was felt. In another patient the scalp wound suppurated, 
and invoh'ement of the bone was established on the twelfth da}'. In 
the other three cases it is not definitely established that the mechanism 
was a primary infection of the bone. 

^ly own experience includes one case in which the trauma was an 
operative one — an osteoplastic craniotomy ; except for this case, the total 
of this type that I have seen does not number more than two or three 
in an experience of twenty years. 

In accordance with the manner of application of the trauma, and 
because of peculiarities essential to the latter, one distinguishes the fol- 
lowing forms ; civil injuries, i. e., falls, blows, etc. ; gunshot injuries, 
including civil and military practice; and osteomyelitis following opera- 
tive manpulation, i. e., craniotomy of various kinds, etc. 

Gunshot wounds form a class by themselves and will not be discussed 
in this communication. The essential differences between gunshot 
wounds in civil life and during a military emergency are threefold ; 
(«) the depleted and exhausted condition of troops on the battle line, 
ih) the enormous increase in environmental contamination (usually 
of a fecal nature) incident to active warfare in the field, (c) the large 
-<ize and complexity of the wounds — ^almost always complicated with 
intracranial injury, the dominance of which makes for naught any infec- 
tion of the skull bone — and (cf) the enonnous mortality. It was learned 
during the last war that the best prophylaxis is an efficient debridement. 
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occurs so rarely nowadays as to be of neghVible 
course of affairs is illustrated by the following 




_ n tins couiinumcalion the main concern is the ordinary forms of 
civil injury to the head, d'hc correct conception of the pathogenic rela~ 
tionship between a head injury and any resultant osteomj-elitis of the 
.skull may he one of two: (1) as primary infection and (2) as a hema- 
t(\genous infection of the skull.'-- 

I. O.stcomyelitis may he a primary infection, the result of the direct 
intioduclion of organisms into the bone tissue. In such cases, primary 
osteomyelitis of the skull can develop only when a trauma results in an 
ojK’n wound leading down to the skull, in which the solution of con- 
tinuity of the tissues c.xtends ])artia}Iy into, or completely through, the 
thickness of the skull. 

Contamination of the wound is the rule; but in modern times the 
establishment of an infection in the bone tissue and its secondary effects 
(necrosis due to vascular shutoff) is veiy rare. This is altogether due 
to ])roper methods for debridement of the wounds. In the unfortunate 
case in which osteomyelitis does develop, the area of bone involved 
depends on the extent to which the thrombophlebitis becomes established ; 
usuall}’ this is reiativel}- circumscribed unless the infection reaches into 
the diploic A-eins and a thrombophlebitis becomes established in the latter 
network. It is a remarkable fact that this should happen on such few 
occasions. 

A particularly interesting case is the following in which the infection 
took place in the apparent absence of any infection of the nasal acces- 
sorj'- sinuses ; this was an operatiA'e infection. (Unless otherwise noted, 
the hospital cases are from Dr. Elsberg’s service.) 


A man, aged 44, had an old fracture of the nasal bone; four months before 
admission, a plastic operation was performed for the correctron of this defect, 
following which there developed severe pain about the right eye and the ngbt side 

previously. All the wounds conUnued to dram 
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.ta M opfration and . badly d.viaKd rigb. a»d » 

-7ys;;7«.»d l, diac„as«l m .h, s.c,» o„ -H^alaycnon, Ca„.." 



WILENSKY— OSTEOMYELITIS OF SKULL 


93 


scarred right ethmoid area. Roentgen examination of the skull revealed 
osteomyelitis of the frontal bone. Operation was performed, sequestrums removed, 
and the dura e.xposed but not entered. The patient continued thereafter to 
have severe temporal headaches without any positive neurologic findings.' Febrile 
and afebrile periods alternated. A revision of his former wound was done ; further 
sequestrums were removed, and a small abscess over the occipit was incised and 
drained. The patient nevertheless continued to become progressively worse. Subse- 
quent roentgen examinations showed an extensive osteomyelitis. An exploratory 
craniotomy was then performed, but no abscess was found. After two weeks more 
of this septic course, during which time the patient deteriorated more mentally and 
physically, a last attempt was made to find some intracranial focus. During this 
exploration the entire frontal bone, on both sides, was found soft, necrotic and 
fragmented. Aspiration of the brain substance gave negative results. The patient 
was delirious in the morning of the operation, stuporous later in the day, and died 
shortly thereafter. Perrnission for postmortem examination was not obtained. 
The infection was due to Staphjdococcus aureus. 

It appears from the literature that the types of operative manipula- 
tions done in the presence of nasal and nasal accessory sinus infection, 
and ordinarily designated by the term “minor” and commonly performed 
in the practitioner’s or specialist’s office, are a source of traumatic 
infection. These include conchotomy, septum operations, polyp extrac- 
tions, etc., as well as manipulations of even less extent, ordinarily called 
“treatments.” (See section on “Pathogenesis.”) 

Trauma frequently appears in the clinical records of cases in which 
it is not the sole etiologic factor, for instance, trauma through the middle 
ear or through the nasal accessory sinuses, as in ordinary forms of 
fracture of the skull. An added etiologic factor under such conditions 
can be the presence of infection in the latter territories ; osteomyelitis 
of the skull under such conditions is, however, practically speaking, 
unknown. This is undoubtedly so because a flare-up of infection under 
such conditions commonly results fatally before any bone lesion can 
develop. 

Nevertheless, I believe that primary infection of the skull produced 
by trauma involving a contiguous area of the skull and of the nasal 
accessor}”^ sinuses undoubtedly occurs oftener than is apparent in the 
various clinical records. I can remember only one such case in private 
practice. It must be true that \vhen the patient recovers from the injuiy 
only mild forms of bone infection exist, and these are unrecognized in 
a complex of subjective and objective symptoms which are usually 
referred to an inflammation of one or more of the nasal accessory 
sinuses. 

A particularly interesting case is the following in which undoubtedly 
nutritional changes produced by the preceding radiotherapy played an 
nnportant role in addition to the trauma. 

In a 48 year old man a blow was sustained to that part of the head where an 
P le loma of the scalp had been destroj'ed by radiotherapy ten years previously. 
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. Ihe bacicrjolopc content was Staphylococcus aureus. The patient died 
. mortem c.xnmmafion sliowcd, m addition, an epidural and subdural extra 
cortical abscess, with tlirombophlebitis of the cerebral veins and sinuses. 

HEMATOGENOUS CASES 

T]5c wcdwinism of tlic patliogenesis and pathology of hematogenous 
osteoin}Tlitis in general has been discussed extensively on a number 
of previous occasions^'' and an extensive discussion of this subject will 
not be lepeated here. Suffice it to say in resume that acute hematogenous 
osteomyelitis is a metastatic lesion during the course of a bacteremia, 
the^ latter resulting from a bacterial lesion on a surface of the body 
hich forms the portal of entry for the infection. In this conception 
a surface of the bodv includes not onl}' the skin, but also the entire 
mucous membrane of the alimentar)' tract, the genito-urinary tract, etc. 
'ihc common surface lesions include not only furuncles, carbuncles, 
etc., on the skin but also easily demonstrable lesions in the tonsils and 
in other lymphadenoid collections ) 3 'ing in the mucous membrane of 
the pharynx, as well as less demonstrable lesions, such as those in the 
Fever’s patches. 

The fundamental cause of the spreading of the original lesion in the 
form of metastatic or subsidiary' lesions is an infected thrombus lying 
in the original area of infection and communicating at some point with 
the freely' circulating blood. Organisms growing on the surfaces of 
the thrombus are discharged, or minute pieces of the thrombus laden 
with bacteria break off and are discharged into the circulation and, 
becoming lodged for various reasons in the I'ascular network of various 
parts of the body, give rise to secondary lesions. Bone tissue, because 
of its peculiarities in vascular structure, seems particulaidy prone to the 
blocking of these thrombi-emboli, and the susceptibility to this is par- 
ticularly increased during the period of growth when the individual 
bones contain well marked hyperemic areas at the junction of the 
diaphysis and epiphysis, around centers of ossification, etc. 

The I'arious accessory causes, such as trauma, that determine the 
localization of a secondary focus of infection-fixation point-in a given 
bone are associated with accidents in the local circulation winch facili- 
tate blocking of any bacterial thrombus-embolus. (See section o 
"Traumatic Cranial Osteomyelitis.”) The essential nature of the patho- 

— ^ A „ RX-VRl CNov) 1925; Am. J. Rocnfgenoi. 

16 Whensky, The MeJhanism of *Bacterial Infection, Arch. Surg. 13:228 
16:123 f:!frfyNov.) 1926 ; 85:428 (^larch) 1927: Am. J. 

(.Aug.) 1926; Ann.^ ^' 9 ? 7 ;^TrtftmS‘'of InLtion, Arch. Surg. 15:737 (Nov.) 


Surg. 3:281 (Sept.) 
1927. 
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logic process that develops at the fixation point is a thrombo-arteritis 
or thrombophlebitis, and the process in the skull is exactly similar to 
that in other bones in which a dominating position is assumed-iy the 
secondar}' vascular thromboses which must necessarily occur in such a 
pathologic lesion. The all important secondar}' effects that these throm- 
boses produce are disturbances of essential nutrition which lead to the 
death of certain bone cells and the consequent necrosis of certain areas 
of bone tissue. 

The actual pathogenesis and pathologj' in osteomyelitis of the skull 
are exactly similar to those in other bones of the body the seat of hema- 
togenous osteomyelitis. The point of fixation in the vascular channels 
of the skull develops into a thrombophlebitis. The occlusion of the 
vascular channel or channels results in the usual deprivation of blood 
supply and nourishment, and the amount, degree and character of the 
resultant necrosis is in direct proportion to the number, size or impor- 
tance of the vascular channel occluded and the amount of available 
collateral circulation. 

In hematogenous osteomyelitis of the skull, gross trauma to the 
skull is frequently an important item in determining the localization of 
the -infection in the cranial bones. The following remarks should be 
compared with those made in the section on “Traumatic Cranial Osteo- 
m 3 'elitis.” 

2. Traumatic Hematogenous Cranial Osteomyelitis . — The reception 
of an injury to the head, whether or not it results in a closed or open 
wound, and whether or not the latter reaches down into the bone tissue, 
may lead to an osteomyelitis of the skull as a result of a hematogenous 
infection, in which the trauma functions merely by creating a point of 
least resistance for the blockage of an^' pathogenic bacteria circulating 
in the blood as a result of a temporary or established bacteremia. This 
results in the ordinary form of acute hematogenous osteomyelitis. iSIost 
of the cases in the older literature described as due to trauma belong in 
this group, although lack of accurate knowledge has caused them erro- 
neously to be termed “primarj^” cases. 

Illustrative cases are the following: 

A case in which the patient struck the forehead against a bench during an 
acute catarrhal condition of the nasal cavities (Donalies ^"). 

A case in which an injurj- to the head was sustained while the patient was in 
a bath tub (Schmiegelow i®). 

In the hematogenous variety of osteomyelitis of the skull certain 
differences are discernible for which the physical basis is the situation 

1/. Donahes; Arch. f. Ohren-. Nasen- u. Kehlkopfh. 75:199, 1908. 

K. Schmiegelow, E. ; Monatschr. f. Ohrenh., 1905, p, 582. 
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of (lie lesion in tiic network of dinioie veins Tn i 

. on ninu, deternnnes more or less n fixed area of bone which will 
a il)sw],.ently necrose and se<iucstratc. In the diploic veins of the skull 
(be open wide venous channels encourage, promote and facilitate a pro- 
gressivc continuation of the thrombotic process in all directions In 
• other words, the process is not stationary; this corresponds clinically 
to tlic tendency for the osteomyelitis to spread over wide areas of the 
cranium. 


In actual j)ractice, the classification of a given case, while usually 
wore or less easily done, is on occasion a most difficult one. Given a 
case, for instance, in which a severe (gangrenous) inflammation is pres- 
ent in the frontal or other nasal accessory sinus and an osteomyelitis is 
jjresent in the contiguous ])ortion of the skull, it might easily be that 
cither had preceded and caused the other; that is, it could just as readily 
be hematogenous, as an extension form of osteomyelitis. Usually the 
specialistic tendencies of the observer — general surgeon or rhinologist — 
determine the interpretation, owing to the fact that no sufficiently pow- 
erful clinical, laboratory or other evidence can be mobilized to decide the 
question. I have such a case in mind : 


TIic history was that symptoms resembling those of the ordinary type of 
rhinitis were present for one day, and that simultaneously one eye became swollen. 
The temperature on admission to the hospital was 104 F. The first operation was 
done on the day of admission to the hospital; an osteomyelitis was present in the 
appropriate frontal bone. Bacteriologic examination of the pus showed Staphy- 
lococcus aureus, and the blood culture was positive for the same organism. The 
patient recovered after a number of operations. 


In 1923, Kallenbach was able to find only twenty-two authentic 
cases of osteomyelitis of the skull in the literature. In seventeen of 
these there w^as apparently a hematogenous origin for the infection. 


In a case described by Paschen there was osteomyelitis of the right hip 
joint, of the right clavicle and afterward of the left parietal bone. The time at 
which the osteomyelitis of the skull began is not known. In Trendels^® case, there 
was disease of both tibiae, both humeri and the left radius and ulna, followed 
Ijy osteomyelitis of the right parietal bone. The latter bepn thirteen days after 
the onset of the osteomyelitis of the long bones. In Scheinziss’* case there was 
an inflammation of the left tibia, right femur, both humeri and. a montli later o 
the right parietal bone. Two cases of multiple osteomyelitis are also desenh 
L Frohner^o from the Tubingen clinic. But the route of the infection is not 
dLribed In the first, there was osteomyelitis of the occipital bone, the scapula 
td tibia - in the second, osteomyelitis of the occipital bone with eomyc htis of 

, 0 th clavicles and the femur. Among thes^ not 

metastases in sixteen and metastases in six, but the route 

described. 

j 9 '~PaSen, quoted by Kallenbach (footnote 9). 
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From other sources one can add the following: 

Billroth. — One case in the temporal fossa after a resection of the elbow, 
which became infected. 

KiiSTER.-' — One case of osteomyelitis of the frontal bone after a carbuncle of 
the neck. 

vox Bergm.\xx.' — One case of osteomyelitis of the skull after erysipelas. 

Lexer.-2 — One case of osteomyelitis of the skull after a furuncle of the knee. 

vox Bergmaxx." — Two cases of osteomyelitis of the skull without demonstrable 
cause. 

Jayxes.-s — One case of osteomyelitis of the skull after measles ; one case after 
typhus. 

Fischer.'* — One case of osteomyelitis of the skull after a “cold.” The notes 
of this case are interesting : 

A "cold” had been present for about three weeks in a 39 year old woman, whea 
she suddenly became ill, with a severe chill, high fever, typhoid-like symptoms and, 
pain in the right temporal and parietal regions. About eight days later a painful 
swelling developed above the right ear. An incision was followed by a discharge 
of a large amount of pus. The periosteum of the anterior half of the parietal 
bone was removed, and there were found numerous suppurative foci of pinpoint 
size. There was a severe edema of the epicranium of the right half of the skull. 

The left side of the face and the left half of the body were paralyzed. The patient 

was delirious. Examination of the eyes and ears failed to reveal a demonstrable 
pathologic process. A radical operation was carried out, following which the 
patient died in about seven days. The anatomic diagnosis was as follows : purulent 
osteitis of the parietal bone and purulent pachymeningitis ; purulent leptomeningitis 
of the right convexity of the cerebrum. A microscopic study of a portion of 
the bone removed by trephination revealed purulent osteitis and suppurative 

thrombophlebitis of the veins of the bone. Fischer ■* designated this case as pri- 

mary or idiopathic acute purulent osteitis because the condition was not preceded 
b}’ trauma to the bones of the skull, and there was no objective finding pointing 
to tuberculosis or syphilis. No demonstrable pathologic process could be found in 
the ear. 

The records at Mount Sinai contain the following case in which the 
hematogenous mechanism is undoubted. 

In a middle aged man the classic picture of acute osteomyelitis developed in 
the opposing ends of the tibia and femur, with involvement of the knee. The end- 
result was an ankydosed knee and with a small discharging sinus, which persisted. 
Years later a subperiosteal abscess developed over one parietal bone, and bare bone 
was palpated in the bottom of the wound. There was no other etiologic factor. 

Hematogenous infections of the bones of the skull occur in the fol- 
lowing associations : 

1- Cases following the ordinary local form of infection, as after a 
carbuncle. 


20. Billroth; Chir. Klin., 1871, p. 76. 

21. Kiister, E. ; Ein chirurgisches Triennium, Berlin, 1876, pp. 71 and 78. 

22. Lexer, E.: Centralbl. f. Chir. (Ref) 22:947, 1895. 

-3. Jaynes, if.; De osteomyelitis des os du crane, These de Paris. 1887. 
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2 . Casfs occurring during or following the infectious diseases as 
in the following: examples: ^i^eases, as 

Among the cases collected by Kallenbacho in which the cause was renoriM 
one caci was caused by typiioid, influenza, erysipelas, measles and angina- also 
O K was cause; I,,, a ••coM.” Osteon, ycli, is of the skull developed foar nioMs 
. fter typhoid, tivo „-cek! after the influenza and a few days after the heginnin. 
of the erysipelas, measles and “cold.” "" 


3 . Cases due to some temporary bacteremia, the primary cause of 
which is imcliscoverable.. 

4 . Cases of osteom3-elitis of the skull occurring in patients who have 
had osteomyelitis of the long bones for a long period of time. The 
bacteremia, to the intermediation of which the skull focus is due, is 
more or less intermittent and chronic, and it is more probable, though 
not certainly so, that it is derived from one or other of the preexisting 
bone lesions, rather than from the original primary lesion to which all 
of the osteomyelitis foci are secondar}^ At any rate, this has been my 
experience. 

Relation to Other Foci of Osteomyelitis. — In most of the reported 
cases other foci of osteomyelitis coexisted, pree.xisted or followed the 
development of osteomyelitis of the skull. I have been able to find one 
case in the literature in which a second focus developed after the full 
development of osteom3'elitis of the skull. This was in a case reported 
b3'’ Lexer -- in which on the da}' after operation for osteomyelitis of the 
right frontal bone metastasis developed in the right calcaneus. 


Symptomatology. — The clinical picture in hematogenous infection of 
the skull is similar in its earl}' stages to that of similar forms of osteo- 
myelitis in general. 

In the vei"}' severe forms of illness in which hematogenous osteo- 


m3'elitis of the skull is part of the clinical picture, the severe manifesta- 
tions — fever, chills and other signs of general infection, including posi- 
tive blood cultures— are not necessarily to he associated exclusively with 
the lesions of the cranial bone. All too frequently the skull process 
is quickly associated with intracranial complications, and it is more to 
the point to associate the severe clinical manifestations with these rathei 
than with the bone infection. Commonly, it is_ clinically manifest that 
the osteomyelitis of the skull is but an incident m a complex, the essen- 
tial characteristic of which is a general infection of the body. 

In the cases of osteomyelitis of the skull of moderate severit}', as 
in all cases of osteomyelitis, there are general symptoms such as fever, 
chills etc. Generally speaking, a focus of osteomyelitis is present with 
well marked local signs and symptoms but witl.ont any clinical s^ns 
„{ a general blood infection. A bacteremia is not present, ic p ^ 
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emia, (b) in the development of a fixation point in a bone and (c) in 
the subsequent spontaneous disappearance of the bacteremia. 

In actual practice, the illness commences suddenly, sometimes spon- 
taneously, at other times after an injury often slight in nature. There 
are malaise, local pain and fever often accompanied by an initial rigor ; 
but when the patient comes under observation he does not present the 
aspect of extreme illness usuall}' observed in an acute infection of any 
of the other bones of the bod}'. The grade of these symptoms cor- 
responds to the grade of the local lesion and the extent of the lesion. 
The outer or inner table only may be affected, or the whole thickness 
of the bone may be diseased. 

In the cases in which the external table onK' is involved, signs com- 
mence to be discernible at the actual seat of the disease almost immedi- 
ately. The signs consist in the development of an indefinitely demarcated 
and widespread edematous swelling and tenderness over the 
appropriate part of the skull. This swelling is rarely detected before the 
second or third dav, and in manv of the recorded cases not until later. 
The swelling may spread in any direction, and a most striking charac- 
teristic is the widespread area of the soft parts affected compared with 
the extent of the bone disease. Presently and quickly these swellings 
undergo liquefaction, and they are recognizable as subperiosteal (sub- 
epicranial) and subcutaneous abscesses of the scalp. 

In the cases in which the internal table is involved alone, these local 
symptoms do not appear; one only has the subjective symptom of pain. 
Deep-seated fixed pain is, at first, the only sign of mischief ; there is 
no swelling of the soft parts so long as the outer table of the skull 
remains unaffected, and the patient may perhaps die without there hav- 
ing been the slightest suspicion of the exact state of the bone. 

Pain also takes the guise of a diffuse headache with a slightly more 
definable area over the local disease where the pain is intensified. The 
pain persists and increases and is controlled with difficulty by the usual 
means. Headache seems more marked when the internal table is 
involved to the largest extent or to the e.xclusion. apparent!}', of the 
e.xternal table; this is so because of the formation of extradural (sub- 
periosteal) abscesses and their comparative intracranial compressive 
effects. Practically speaking, this is the entire symptomatology of osteo- 
myelitis of the skull per se. 

In superficial osteomyelitis of the bones of the skull, the suppura- 
tion. of which there is generally speaking no very great quantity, finds 
a ready outlet through openings in the skin. But where the bone is 
perforated in its whole depth, retention of pus ma}- occur, and the latter 
accumulates between the bone and the dura mater ; a small portion only 
makes its way toward the skin, which, if unbroken, will present an 
indolent, apparently well circumscribed SAvelling. the main characteristic 
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( (ha, ,1 ,l,sappcars under slight pressure but soon reappears 

W,™ .hi '‘,7 

th! Z . r ™ 

l inn ivould have been ca-pecled from the apparent size of the abscess- 
Us escape is not innuenccd by pressure, but it may be made to stream 
out hy a forced expiration, the mouth and nose being closed. 

In the late stages, the clinical picture is distorted, and the symptom 
complex referable to the bone lesion itself is lost in more dominating 
evidences of intracranial lesions which secondarily complicate the osteo- 
myelitis. These will be discussed in the section on “Complications.” 


EXTENSION CASES 


Most of the cases of cranial osteomyelitis that one sees in hospital 
and private practice should be classified as extension cases. By that I 
mean that the osteomyelitis of the cranial bones is due to a spontaneous 
extension of the inflammatory process in the vascular or lymphatic 
channels, singly or combined, through contiguity of tissue into the skull 
bones from a focus of infection in a definite anatomically defined area 
contiguous to the bone, i. e., from a frontal sinusitis, etc. 

The subgroups are as follows: (1) extension from an infection in 
the soft parts, (2) extension from a focus of osteomyelitis in the 
superior maxilla, (3) extension from a focus of infection in any or all 
of the nasal accessory sinuses : frontal, ethmoidal, sphenoidal and antral, 
and (4) extension from a focus of infection in the otologic apparatus. 

Extension from an Infection in the Soft Parts . — Extension from an 
infection in the soft parts to the bones of the skull in the absence of an 
incomplete or complete fracture seems never to occur or to occur with 
extreme rarity. Kallenbach’s ® figures are most interesting : 

In a period of ten years, ninety injuries of the soft parts of the 
head were treated, none of which led to osteomyelitis of the skull. 
Fifty-five injuries of the skull were also treated, among them twenty- 
tv/o complicated fractures, none of which resulted in osteomyelitis. 
There was no osteomyelitis of the skull in twelve cases of erysipelas of 
the head, three cases of phlegmon of the head, two of abscess of the 
head and two of furuncle of the head. 

I have had one experience of this kind. 


Abo„t .e„ years ago, I raw . n«n in consol.a.ion in 
. r I 1 Ttip eti'olo“v was obscure. At the time l ~s\\ nim, 

sequestrums could be picked away. 

E.>c„slo,, fro,,,, a Foes of ZZifZl 

The physical connection of the super 
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the articulation between its nasal process and the frontal bone makes it 
possible for an osteomyelitis of the superior maxilla to extend into the 
cranium. This is possible in the group of cases of osteomyelitis of the 
superior maxilla which occur in nurslings and infants as well as in a 
large group in which an infection is present in the antrum and in the 
bone, and in which it is sometimes difficult to say which of the two is 
primary. This part of the problem is discussed more fully in the section 
on antral disease. 

Extension from a Focus of Infection in the A'asal Accessory 
Sinuses . — ^There will be no attempt made to discuss the essential nature 
of nasal accessory sinus disease as this is not my subject. Only that 
part of it that seems necessary to the proper explanation of the mechan- 
ism by which osteomyelitis of the skull bones complicates accessory 
sinus disease will be included. In considering this subject, it is to be 
remembered that not infrequently caries and necrosis of portions of the 
bony wall of the nasal accessory sinuses occur as part of the pathologic 
process incident to sinus disease itself ; the bone involvement is strictly 
limited in extent to the area of the latter and directly underlies the 
affected portion of the mucous membrane. This is the so-called ‘"sinu- 
sitis abscendens.” It shows little tendency to spread beyond the limits 
indicated, and surgical intervention of a comparatively simple kind 
results in a cure. This type and variety of osteomyelitis is also not 
included in this communication. 

Up to the present time, accurate scientific knowledge concerning the 
pathogenesis and mechanism of osteomyelitis of the skull complicating 
accessory nasal sinus disease is mostly due to the work of Schilling,'^ 
Ropke,-^ Gerber and L]uc.“ A resume of the available literature of 
importance was made in 1913 by McKenzie,"' who collated the knowl- 
edge of the subject up to that date, the important contributions having 
been made from German and French sources. The original paper of 
Schilling contained nine cases ; Gerber -® added twenty, and Luc 
increased the total number of reported observations to thirty-nine. 
McKenzie added seven cases. Burger had one case of osteomyelitis 
of the frontal bone in a total of nine cases of accessor}' sinus disease 
with intracranial complications — ^this in a large private practice of over 

24. Schilling, R. : Ztschr. f. Ohrenh. 48:52, 1904. 

25. Ropke, F. : J. Larvng., 1899; Verhandl. d. deutsch. otol. Gesellsch., 1907, 
p. 162. 

26. Gerber, P. H. : Die Komplikationen der Stirnhohlentzundungen, Berlin, 
S. Karger, 1909. 

27. !McKenzie, D. : J. Laryng. 28:6, 79 and 129, 1913. 

28. Burger, in Denkler and Kahler: Handhucli der Nasen-Ohrenheilkunde, 
Berlin, Julius Springer, 1926, p. 905. 
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of .ITprettrliny ;et‘“ xf f' 'T'’^ 

Zha^rT "’ T-'^V accoratafy 

Ion i, , • "''“"’-'’''f . “f *>'" as a complication of nasal accas- 

.on 6-imis disease is relative!}' uncommon. 

IBetwccii 1924 and 1931, twelve patients were admitted to Mounc 
^ Jiiai Hospital with some form of osteomyelitis complicated by nasal 
accessor}' sinus disease. 

follows^- distributed according to age as 


Up to 10 years 
11 to 20 years 
21 to 30 years 
31 to ^0 years 
41 to 50 years 
51 to 60 years 


3 cases 
3 cases 
1 case 

1 case 

2 cases 
2 cases 


Most of Burger’s patients were between 11 and 30 years old. In 
Gerber’s twenty-nine cases, the distribution according to age was : 


0-10 years 

1 case 

11-20 years 

4 cases 

21-30 years 

31 cases 

31-40 years 

3 cases 

41-50 years 

3 cases 

51-60 years 

0 cases 

Over 00 years 

1 case 


In the observations up to now, the female, sex preponderates. The 
ratio to the male sex is 8 : 1 according to Schilling,-^ 1 1 ; 5 according 
to Ropke,-^ 16: 9 according to Burger and 13: 14 according to Ger- 
ber.'® Gerber does not believe that from these figures one may draw 
a conclusion regarding the preponderance of the female. At any rate, 


this seems to be of little importance. 

Location of Original Sinusitis.— As regards the accessory sinus in 
which the infection originated, it must be remembered that in clinical 
practice there seems to be no limitation of the infected area to any 
regional group of sinuses; indeed, the usual thing is to find a diffuse 
process involving all of the accessory sinus groups. And, if, as some- 
times happens, there seems to be a starting point for the infection at 
some particular point, the spread from the latter to the others is 
extremely rapid. It would be better to say that the sinus 'nfectio i, 
although multiple, seems to exhibit greater manifestations in one or 
other groups of nasal accessor}' sinuses. 

a E.: Ostaomyebbs of the Frontal Bone a. a Complfcatfon of 
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With these criteria in mind, it would, then, be proper to accept 
McKenzie's figures in which he reports the proportions of the cases 
of osteomyelitis of the cranium as having occurred forty-five times as 
a consequence of frontal sinus disease as opposed to three times as a 
consequence of antral disease, these figures being based on the total 
number of forty-eight cases. 

McKenzie was able to find but one case originating in the ethmoid 
cells — a case of van den Wildenberg.®'* In this case a small sequestrum 
of the os unguis was first removed, and fourteen days later a large 
sequestrum comprising the crista galli and the lamina cribrosa. From 
observations to be detailed subsequently, I am inclined to agree with 
van den Wildenberg and to disagree with McKenzie,'' who wishes to 
classify this also as having originated in the frontal sinus. In this con- 

j, ■ s 



Fig. 4. — -Anatomic relationship of the various sinus groups. A, anteroposterior 
section; B, transverse section; 1, sphenoid group; 2, ethmoid group; 3, antrum; 
4. orbit. (After Katz and Blumenfeld : Handbuch der speziellen Chirurgie des 
Ohren und des oberen Luftwegen, Leipzig, 1923.) 

nection the case of Sir St. Clair Thomson,®^ to which iMcKenzie makes 
reference, had better be omitted from the discussion at present inasmuch 
as the mechanism was complicated by the performance of an operation. 

The experience of other surgeons varies. Thus, Jansen in ten 
instances, Ropke in thirty-seven, Killian in sixteen and Luc ® in four 
lotind the ethmoidal cells affected along with the frontal sinus. Walker- 
Downie“® noted ethmoidal disease in five of six cases. On the other 
band, Lennoyez.®^ in thirty-six instances in which the frontal sinus was 

30. van den Wildenberg, quoted by McKenzie (footnote 27). 
ol. Thomson, St. Clair; Lancet 2:431, 1905. 

'’y .lansen. A.: Arch. f. Laryng. u. Rhin. 6:355. 1893. 

33. tv alker-Downie ; Glasgow tl. J.. March, 1899. 

34. Lermoyez; Ann. d. mal. de I'oreille. du larynx 28:593 (Xov.) 1902. 
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Jitlcctcd, foutul only two witli associated ethmoidal disease; while Her- 
bert 'Jh'lley ” in twenty-five diseased frontal sinuses noted six with eth- 
moidal suppuration. Milligan described disease of the ethmoidal cells 
in eighteen of forty-one cases, while of twenty diseased frontal sinuses, 
•observed by Turner,''"' the ethmoidal cells were also affected in twelve. 
In We rthei Ill’s postmortem observations, the ethmoidal cells were 
found afiected in seven of twelve cases. In a total of 206 instances in 
■which chronic suiipuration of the frontal sinus existed, the ethmoidal 
•cells were implicated in 117, i. e., in 56 per cent. 

Among twelve cases of osteomyelitis of the skull after nasal acces- 
sory sinus disease in the records at Mount Sinai Hospital, the distribu- 
tion of the original sinus disease was as follows : 



Frontal 

Ethmoid 

Sphenoid 

Frontal and ethmoid 
Sphenoid and ethmoid 


6 times 
2 times 
2 times 
1 time 
1 time 


^ ^ r.qtpomvelitis of the skull after dis- 

I was unable to find any case o 

;e of the antrum m the appreciable variance in the 

It is difficult to assign a ca the^things to be remembered 

[ividual compilations of cases. One ot 

’ 7°^! 1905. 

36. Turner: Edmburg • J ip. 

37 . Wertheim, E. . ^rcn. 
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is that the differentiation of the areas that seem to bear the major part: 
of the infection in the general range of the nasal accessory sinus groups 
is always more or less dependent on the individual interpretation of the 
objective findings. This could account for the differences in the avail- 
able statistics. 

Varieties of Siiuisiiis. — Osteom3'elitis of the skull follows both the 
acute and the chronic variety of nasal accessory sinusitis. It is altogether 
likel}' that even in cases of chronic sinusitis, the occurrence of the bone 
complication is always in association with an acute flare-up of infection 
and a spread of the latter into new areas. The onl)" possible exceptions 
to this statement are found in the simple perforations. See the para- 
graphs relating to this. 

Bacteriology. — ^The bacteriology of osteomyelitis of the skull under 
the conditions discussed in this communication must necessarily be some- 
what uncertain as the bacteriologic findings frequently must show con- 
taminations with other organisms, the habitat of which under normal 
conditions is the nose and the nasal accessory sinuses. The usual bac- 
teriologic findings described in the literature include Staphjdococcus- 
aureus, streptococci and pneumococci. The statement is made by 
Skillern®® in discussing Woodward’s®® paper that the cases due to 
Staphylococcus aureus all progress well and that those due to the strepto- 
coccus and the pneumococcus are all fatal. The observ'ation is apparently 
not sufficiently supported by bacteriologic evidence and needs con- 
siderable confirmation before it ought to be accepted. 

In the cases at Mount Sinai Hospital the available bacteriologic data 
in the cases of cranial osteomyelitis derived from nasal accessory sinus 
disease are as follows ; 


Staphylococcus aureus 

1 

time 

Staphylococcus aureus and streptococcus 

I 

time 

Staphylococcus albus 

1 

time 

Streptococcus 

1 

time 

Streptococcus haemolyticus 

2 

times 

Pneumococcus 

1 

time 

Friedlander bacillus 

1 

time 


Varieties of Osteomyelitic Bone Lesions Found. — In the literature 
the varieties of osteomyelitis of the skull that complicate nasal accessory 
sinus disease have been differentiated and classified on the basis of the 
exteit of the lesion and the rapidity of spread of the pathologic process. 
Ibis form of classification seems to be a good one and will be followed 
in this communication also. Clinicall}', the following are found : 

38. Skillern, R. H., in discussion on Woodward (footnote 39). 

39. Woodward. F. D.; Osteomyelitis of the Skull, J. A. M. A. 95:927 
(Sept. 27) 1930. 



106 


ARCHIVUS OP SURGERY 


I's associitec! ^ form 

s associa eel ^MtIl iiisufficicnt or absent drainage from the normal ducts 

. the chaiacter of the pathologic process leads one to believe that the 

process ,s j„.,t what its „a„.e i.nplies-a simple perforation. It 

lionahlc whctltcr tins form ought to be classified as osteomyelitis; per- 

sonally, I do not think so. ^ 

^ Perforation is quite common, however, with well marked and more 
widely spread evidence of true inflammation of bone and of necrosis and 
sequestrum formation. In tliese, the diagnosis of osteomyelitis is never 
in doubt ; and the matter of the perforation— in contradistinction to the 
t\pe just described, in which it is just an attempt on nature’s part to 
secure drainage— is a matter of little importance in the total clinical and 
pathologic picture. 

Pei forations are found to complicate both the acute and the chronic 
type of accessory sinus disease. 

2. Localized Lesions: In this variety the tendency is exhibited for 
the lesion to remain relativel}'’ localized and the development of the 
process is relati^fel}' slow, taking months and sometimes years. Exacer- 
bations of infection are, however, veiy common, and in such an exacerba- 
tion the tendency of remaining localized may be lost; then the process 
spreads tvith great rapidity over a large part of, or the entire, skull, as is 
characteristic of the unrestricted variety to be immediately described. 

3, Siweading and Diffuse Lesions: There is a certain amount of 
oi'erlapping between the cases in this group and those in the preceding 
group, and the physical characteristics of the pathologic process in the 
cases in this group frequently and commonly also include those of cases 
in the preceding groups. Clinically, the manifestations may or may not 
begin with the milder s 3 unptoms of the cases in groups 1 and 2 ; but the 
great differentiating factor consists in the fact that the relatively benign 
characteristics of a localized lesion are lost, and the spread of the osteo- 
myelitis becomes unrestricted and extends to the major portion or to the 
entire extent of the cranium. One must distinguish the diffuse form 
from the circumscribed form of osteomyelitis, which has a tendenc)' to 
heal. The diffuse form has a tendency to spread over the entire skull 
and presents an almost absolutely unfavorable prognosis. 

Relative lack of constitutional resistance and relative extreme viru- 
lence of the infecting organism have furnished the explanation wh}' 
one patient does, and the others do not, develop osteomyelitis under 
aooarently precisely similar conditions. The process may seemingly be 
a^unilaterll one and limit itself to the bones of one ^ ^he cmnuin , 
nr more commonly, it spreads on both sides of the skull._ The deiel 
t of the diffuse form of the osteomyelitis or its extension rom more 

rrLedtrnfray occur rapidly, especially in .voung paPenis. or. on 
localize , r nrocess to evobc. 


the 


contrary, months may be required for the proces: 
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111 Tilley's case, a most extreme one, the process spread upward 
over the entire vault of the cranium and then downward on each side 
to and including the petrous pyramid. 

Pathogenesis in Cases Follozving Nasal Accessory Sinus Disease . — 
The nature of the illness and of its origin in an infection of the nasal 
accessory sinuses is such as to prevent one from securing specimens of 
the lesion that would demonstrate the early stages when the transmission 
of the pathologic process occurs into the bone tissue. Beliefs recorded 
in the literature regarding the paths and the methods of propagation into 
the bone tissue are therefore necessarily assumptions based on clinical 
observations and pathologico-anatomic evidence obtained from speci- 
mens in a late stage of the lesion. 

In the literature, three methods of infection have been suggested ; 

1. The infection is described as a direct invasion by the organisms 
of infection of the canalicular and medullary spaces of the bone tissue 
from the inflamed area of the lining mucous membrane of the given 
nasal accessory sinus. Preference is given entirely to this method by 
McKenzie,-' and, only under certain conditions, by Schilling (i. e., when 
the diploic tissue abuts on the wall of the frontal sinus, as, for example, 
in the neighborhood of the upper recess). 

McKenzie is inclined to minimize the part played by the diploe of 
the bone in relation to the sinus, so emphasized b\' the continental 
authors, who contend that the proximity of the diploe to the diseased 
cavity, or its surgical exposure, lays it open to infection. M^'hile he 
believes that the infection may be able to spread more rapidly once the 
diploe has been reached, he holds that diffuse osteom\-elitis is not limited 
in its spread to diploic bone only. 

2. Another group of observers describe the infection as spreading to 
the bone tissue b}" the small veins of the mucous membrane of the acces- 
sory sinuses, which in turn communicates with the diploic veins. In 
Laurens' case, it was possible to demonstrate the thrombosis of the 
diploic veins far in advance of the maturely developed lesion in the skull. 
It is generally believed that the unrestricted extension of the osteo- 
myelitis in the cranium is due to this variety of mechanism. 

3. McKenzie speaks of a “general advance” of the pathologic 
process which, to him, does not seem to select anj- particular path. As 
evidence for this conception, he cites Wylie’s case in which bacteria were 
demonstrated in the haversian canals and under the periosteum, as well as 
111 the diploic spaces and tissues. This suggestion is not difficult to 
understand. It probably refers to comparatively late cases in which the 
pathologic process is so widespread in the microscopic picture as to give 


40. Laurens, quoted by McKenzie (footnote 27). 
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1 c I roccis riiis. of course, does not give the true picture. 

AM three of these .nethods of spread of the infection are necessarily 
correct in the ohservalion that the essential part of the process is tte 
spread luto the diploic veins. In the light of modern conce^ons of 
soi.se and of bactenologic and pathologico-anatomic knowledge, I 
bel!c\-c tliat the following statements may be taken as correct: 

riiere is absolutely no clinical or laboratory evidence to show that the 
occurrence of the osteomyelitis as a complication of nasal accessory sinus 
disease is ever due to a hematogenous infection, i. e., that a bacteremia 
first occurs with the primarj' lesion in the mucous membrane of any of 
the nasal accessor}' sinuses, and that the osteomyelitis is a secondary 
(metastatic) lesion therefrom. The clinical evidence bears abundant 


proof, and this is borne out by anatomic and histologic studies 
(Schilling,*^ Laurens, W3'lie and others) that the osteomyelitis of the 
frontal bone or of the skull is due to (a) either a spontaneous extension 
of the pathologic process along contiguous structures and paths, (h) or 
a direct primary infection of bone tissue during the course of some 
operative trauma; that is, cases of osteomyelitis of the skull complicating 
nasal accessory sinus disease are either extension cases or primary cases 
of osteomyelitis. (See the section on “Traumatic Crantel Osteo- 
myelitis.”) 

(n) Spontaneous Cases: In the cases in which the osteomyelitis is 
a spontaneous complication, the mechanism of the extension of the 
process into the cranial bone must necessarily depend on two factors: 
(ff) On the bacteria involved in the infection with especial reference to 
the relative preponderance of virulence of the organism and of the oppos- 
ing strength of natural resistance. This is important because, otherwise, 
it might be difficult to explain the occurrence of the osteomyelitis in one 
patient and its nonoccurrence in others, in all of whom all of the other 
factors are seemingly identical, (h) On the character of the anatomic 
structures involved with special reference to the structure of the osseous 
tissue and the arrangement of the arterial and venous network. 

According to Gray in his “Anatomy of the Human Body . 


The flat bones of the skull are composed of two layers of compact tissue 
enclosing between them a variable amount of cancellous bssue 
the outer and inner tables of the skull. The outer one is hick and tough , t e 
inner one is thinner, but of denser structure, and more brittle (i. e., e w 
The intervening cancellous tissue is the diploe. 

rfs o'nhe frLa. sln»e, Sht “Z' ‘ S 

which VP >lie anterior jf „ce» <loe, the 

.Where the superior and anterior J f how far the diploe 

compact tissue divide into two tables to include a diploe. J 


41. Wylie, A.: 


Lancet 1:178 (Feb. I) 1919. 
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extends into the superior and anterior wails is an individual matter; but only in 
exceptional cases does the diploe extend into these walls for any appreciable 
distance. 

The structure of the irregular bones at the base of the skull is of two varieties. 
At certain areas, notably where the body of the sphenoid articulates with the 
occipital, the structure resembles that of other irregular bones, such as the verte- 
brae: a peripheral layer of compact tissue surrounds a core of cancellous bone. 
Elsewhere in these bones, the structural masses consist of a series of cellular 
chambers formed by thin bony plates in which cancellous tissue is for practical 
purposes absent. .At any rate, e.xcept at the points indicated fhere is no direct 
connection between the cancellous tissue of these bones and the cranial diploe. 

These anatomic facts provide the pht-sical basis tor the variet}' of 
clinical lesions which occur spontaneously as follows: 

In simple perforation the chances of the infectious process, under 
pressure of retained pus and insufficient drainage from the sinus, per- 
forating at any other part than through the thin, bony, plate-like walls 
is relatively rare. The chances of the perforation in the thin, bony 
plate lying in an area bearing diploic structure depends on the individual 
distribution of diploe and is relatively verj- little. This is borne out by 
clinical observations and anatomic studies. Simple perforation is always 
seen through the thin, bony, plate-like walls ; perforation elsewhere is 
usually an incident in a much more widely spread area of osteomyelitis ; 
penetration into the diploe is a much more unusual phenomenon and is 
always the forerunner of extensive areas of osteomyelitis, and the rela- 
tively greater numbers of this complication occurring with frontal sinus 
disease than with disease in any of the other accessory sinuses are due 
to the relative and actual sparsity of physical connection between any 
diploic tissue in the bony walls of the latter accessorj- sinuses as opposed 
to the direct connection of the frontal diploe with that of the rest of the 
cranium. Osteomyelitis is produced in this wa}' by the mechanical 
introduction of the infection into the diploe. 

Other forms, or more extensive forms of osteomyelitis occurring 
spontaneous!}' with accessory sinus disease, are due to extension oi a 
phlebitic lesion along the vascular channels into the diploe. 

According to Gray: 

The diploe of the cranial bones is channeled in the adult by a number of tortu- 
ous canals, which are lined by a more or less complete layer of compact tissue 
sad contain a network of veins. 

The latter are large and capacious, their walls being thin, and formed only of 
endothelium resting upon a layer of elastic tissue, and they present at irregular inter- 
'als pouch-like dilatations, or culs-de-sacs, which serve as reservoirs for the 
5 ood. These are the veins of the diploe; they can onlv be displaved bv removing 
the outer table of the skull. 

-As long as the cranial bones are distinct and separable, these veins are confined 
to the particular bones ; but when the sutures are united they communicate with 
other and increase in size. 
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“I'rratl of infection by the venous channels, in mam- 
n stances nuincrous communicating veins are to be seen with the venous 

htlo'Ihe ri'"l‘ “ m'’’'”'' i°"“ along these channels 

into the ciiploc, the conditions are very favorable for an extension of the 

mUammatory process further along between the tables of the skull. This 
avora Me condition in the diploe for the extension of the infection has 
PJ' 0 ''cd pathologico-anatoinically by several observers 
(Schilling,-* Laurens •*“ and others) . The older the patient, the less bar- 
1 icr there is to the extension of the infection, and, as McKenzie and 
others have pointed out, in adult life there is a direct continuity of osseous 
structure between the contiguous bones of the skull and of the diploic 
■veins which ti averse the sutures of the skull. Diffuse and rapidly spread- 
ing forms of osteomyelitis must necessarily ahva 3 'S occur by way of the 
vascular channels, as once the infection has penetrated into the vascular 
network no efficient obstacle is present to the further spread of the 
infection along the veins past the sutures and from one cranial segment 
to the others. 

{b) Postoperative Cases It would be well to understand at the 
outset that although the literature speaks at length of cases in which this 
complication occurs spontaneous!}'-, this probably occurs in a much 
smaller percentage than is apparent. For, the term “operation” should 
include not only those large manipulations ordinarily dignified by the 
attachment of some surgeon’s name, but also all of those minor manipu- 
lations (extraction of pofyps, etc.) which are not classified as such, hut 
are called “treatments” of one kind or another and are commonly per- 
formed in the practitioner’s or specialist’s office. These, under proper 
circumstances which are all too comnionl}' present, can be productive of 
all grades of traumatism to the soft parts and to the vascular channels. 

In spite of the fact that in the literature the total percentage of cases 
in which osteomyelitis of the skull occurs as a complication of nasal 
accessory sinus disease is approximately 3, the opinion has become 
prevalent among otolaryngologists that while osteomyelitis of the 
skull bones is one of the uncommon spontaneous complications of nasa 
accessory sinus disease, it is one of the commonest serious sequela of 
operation for the cure of the latter. This statement see.ns to hold true 
for the most part for cases of frontal sinus disease. It holds true to a 
much less extent for cases of ethmoid sinus disease, and possibly not 
all for cases of sphenoid or antral sinus disease. The facts in the mattei 

to be 3.S follows . ... - - 

Gerber’s communication lists twenty-nine cases ; 

""^^T^^ection on "Traumatic Cranial Osteomyelitis." 
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influenza, syphilis, trauma, coryza and measles are mentioned as etio- 
logic factors. I, personally, believe that such etiology- did not play a 
I'ole in the production of the osteomyelitis, but rather in the production 
of the original accessory sinus disease. The important point is that 
among the sixteen cases cited by Gerber,-*^ osteomyelitis of the skull fol- 
lowed some operation on the accessor}- sinuses ten times — a very large 
proportion. 

McKenzie’s statistics cover forty-one cases of osteomyelitis of the 
frontal bone in which the complication developed spontaneous!}- in 
t^venty-one cases and after some form of operation in trventy cases. 

In the IMount Sinai group practically all of the cases of osteomyelitis 
of the skull complicating nasal accessory sinus disease developed prior 
to the performance of any operation of the Ogston-Luc or Elillian ■‘- 
types in the hospital. There is a possibility that in some of them at 
least, some minor forms of “office” operations had been done previoush- 
to the admission of the patient to the hospital. In general, the osteo- 
myelitic process was discovered at the time the first operation was done 
in the hospital. This experience corresponds with that of Burger. 

This discrepancy seems to offer insuperable obstacles to adjudication 
except on the basis of individual interpretations of operative findings. 
My personal impressions incline me to agree with those who believe that 
operation is a frequent precursor of the osteomyelitic complication. An 
examination of all of the factors entering into the various types of 
operation for nasal accessory sinus disease seems, therefore, in place. 

There are two types of operation : 

(a.) Operations of the Ogston-Luc t}-pe consist in opening the 
frontal sinus through its anterior wall, in careful curetting of its interior, 
in establishing a large communication between the sinus and the nose 
and at the same time destroying the anterior ethmoid cells in the region 
of the nasofrontal duct. Drainage into the nose is ensured through the 
nasofrontal aperture, and the operation is completed by immediate suture 
of the skin incision. 

Probably no other type of operation has been more generally per- 
formed on the frontal sinus, yet because of anatomic structure, clinical 
evidence has been very much against the performance of an operation 
that does not permit of thorough inspection of the entire sinus and of 
the ethmoid cells. In order to bring this about, it is necessary to remor-e 
the whole of the anterior wall of the sinus, and also to a greater or 
lesser extent the floor. By such a procedure one is able to inspect the 
whole interior of the cavity thoroughly, however large it may be; no 

43. Ogston-Luc : yiiinchen. med. Wchnschr., 1895, no. 28. 

44. Killian: Ztschr. f. Ohrenh. 37:343, 1900; Arch. f. Larvng. u. Rhin.. 
1902, vol. 13. 
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rcrcss cm csrapc one's observation: llic septum between the two cavi- 

llib orl',i, f of othmoiti cell extension into 

(lie. oibital roof will thus not be overlooked. 

(f>) This IS the reason and the basis for the modern Killian type of 
operation Ihe whole sinus, with its recesses and partitions, is 
loroupdily inspected, and the cavity is almost completely obliterated by 
(he resection of its anterior and inferior bony walls. Further, by the 
removal of the ascending or frontal process of the superior maxilla, 
excellent access is obtained to the ethmoid cells, and a large opening of 
communication is thus made between the frontal sinus and the nasal 
cavit} . so that good drainage into the nose can be established. 


Two factors arc constantl}' present in all cases in which operation is 
done for nasal accessory sinus disease: 

(o) Infection is ahva3'S present, and the operation must necessarily 
be done through infected territory. The only possibility of preventing 
this would be to so arrange the steps of the operation as to remove the 
entire infected area in one segment, a procedure which, while possibly 
technically feasible, would be unwarranted for any and all other reasons, 
would result in a deformity of contour that would not be acceptable to 
either the surgeon or the patient, and would probably yield an enormous 
mortality. One must content oneself, therefore, with less radical mea- 
sures — a state of affairs that makes it technically impossible to remove 
every bit of infected tissue. Foci of infection are, therefore, necessarily 
left Avhich readily contaminate the newly exposed bone tissue in the 
operative field. 

In those unfortunate cases in which operation is undertaken for the 
cure of sinus disease, the inflammatory condition is markedly enhanced 
during the operation. The granulation tissue in the sinus, which has 
hitherto formed a harrier to the invasion of the organisms, is broken 
down, and a path is opened, which readily admits of their further spread 
into the frontal bone. 


(b) The second constant factor is operative trauma. The same ana- 
tomic studies to which I alluded previously show also why operation for 
sinus disease is so apt to he complicated by osteomyelitis of the skull. 
If the operator is not careful, or the anatomic distribution of the dipioe 
is extraordinarily well developed and reaches beyond the usual limits, 
opening into the dipioe by chisel or curet is to be expected and does 
cLmonly occur. Infection is then implanted directly into the diploic 

'^^Afanalysis of the cases made by Turner - showed that in 74 per 

t^nVthe cases in which the osteomyelitis appeared the complication 

" J opened and drained (Ogston-Luc type 

occurred fnllnwcd ti sintrlc operntion, 

of operation) . In 8S per cent of these, death follou ed suit, i 
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while in the remainder more than one operation had been performed, 
owing to the failure of the first to effect a cure of the suppurative con- 
dition. The remaining 24 per cent of the cases all proved fatal after an 
operation for obliteration of the sinus; in 50 per cent of these, simple 
opening and draining had been previousl}' performed without success, 
the more radical method having been a secondary procedure. It is 
evident, therefore, that a considerably larger proportion of the cases 
occurred after the Ogston-Luc type of operation than after the opera- 
tion for obliteration. This general impression is confirmed by Burger.-® 

Consideration of the steps in either form of operation gives an ade- 
quate explanation of the results. In the simple (Ogston-Luc) operation, 
an opening is made into the frontal sinus through its anterior wall. The 
density of the bone forming the anterior wall of the frontal sinus varies 
considerably, and anatomic studies have shown that this general area is 
the one in which the diploic structure is commonly found ; whenever, as 
in some instances, the diploic structure is exaggerated, it spreads down- 
ward for a considerable distance. The more the diploe of the walls of 
the frontal sinus is developed, the greater is the anatomic predisposition 
for the development of osteom 3 'elitis of the frontal sinus. For this 
reason, young persons are more predisposed than those of mature age. 
In the former, the diploe has larger meshes and has a larger supply of 
vessels than in the latter. Cases in which prior to and during the first 
operation on the frontal sinus nothing pointed to a disease of the bone, 
and in which such a disease occurred only after the operation, naturally 
intensify the feeling that the operation itself was the cause of the 
infection of the diploe. 

The mere chiseling of the anterior wall of the frontal sinus is suffi- 
cient to open and to infect the diploe of the frontal bone. This was 
probabl}" so in the case of St. Clair Thomson and in that of Luc and 
Lermoyez. 

In the radical (Killian type ^■‘) operation, the complication is not so 
likeljr to occur, because one of the points of this t 3 'pe of operation is the 
retention of as much of the anterior wall of the sinus as is possible, the 
approach being made through the floor in order to prevent the deformity 
that accompanies excessive removal of the anterior wall. The floor of 
the sinus practically never contains diploe, the compact bone tissue of 
the bony plate does not take up the infection so readil 3 % and the compli- 
cation therefore appears less often after this t 3 'pe of operation. As a 
matter of fact, in man 3 ' of the cases in which this radical t 3 'pe of opera- 
tion has been done, and in which the osteom 3 ’elitis developed, it has been 
preceded 1)3' the simple drainage (Ogston-Luc) t 3 'pe of operation. 

Once infection is introduced into the diploe, the physical basis for 
the localization, the firm lodgement and the spreading of the infectious 
process depend on the character of the vascular network of the skull and 
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on «■], ether the infection is lodged (n') in the venous plexus or (S') in 
;m .'irlcnal trunk. ^ ^ ; m 

(o ) In the former, a tlirombophlebitis becomes established in the 
venous plexus of the cliploe. The character of the osteomyelitis, whether 
localized or diffuse, the relative rapidity of spread and any other physical 
c laractenstics depend on the area of venous plexus involved in the 
thrombophlebitis, and on the biologic virulence of the infecting organism 
as opposed to the natural protective powers of the host. 

(//) In the second group, an injur}^ most probably takes place 
during the course of the operation to an arterial trunk, and a secondary 
thrombosis occurs in the latter. 

According to Gray : 


The siipra-orbital artery'' arises from the ophthalmic as that vessel is 
crossing oyer the optic nerve. Ascending so as to arise above all the muscles of 
the orbit, it passes forward, with the supra-orbital nerve, between the periosteum 
and levator palpebrae ; and, passing through the supra-orbital foramen, divides 
into a superficial and deep branch, which supply the integument, the muscles and 
the pericranium of the forehead, anastomosing with the frontal the anterior branch 
of the temporal, and the artery of the opposite side. This artery in the orbit 
supplies the superior rectus and the levator palpebrae and sends a branch inward, 
across the pulley of the superior oblique muscle, to supply the parts at the inner 
canthus. At the supra-orbital foramen it frequently transmits a branch to the 
diploe. 

The ethmoidal branches are two in number — posterior and anterior. The 
former, which is the smaller, passes through the posterior ethmoidal foramen, sup- 
plies the posterior ethmoidal cells, and, entering the cranium, gives off a meningeal 
branch, which supplies the adjacent dura mater, and nasal branches which descend 
into the nose through apertures in the cribriform plate, anastomosing with branches 
of the sphenopalatine. The anterior ethmoidal artery accompanies the nasal nerve 
through the anterior ethmoidal foramen, supplies the anterior ethmoidal cells and 
frontal sinuses, and, entering the cranium, gives off a meningeal branch, which 
supplies the adjacent dura mater and nasal branches, which descend into the nose, 
through the slit by the side of the crista galli, and, running along the groove on 
the under surface of the nasal bone, supply the skin of the nose. 

The frontal artery, one of the terminal branches of the ophthalmic, passes from 
the orbit at its inner angle, and, ascending on the forehead, supplies the integument, 
muscles and pericranium, anastomosing with the supra-orbital artery and with t e 


artery of the opposite side. _ 

The nasal artery, the other terminal branch of the ophthalmic, emerges 

the orbit above the tendo oculi, and, after giving a branch to ? 

the lachrymal sac, divides into two branches, one of which crosses t le roo 
nose the transverse nasai, and anastomoses with the angular artery , 

and taSLse. with the artery of the opposite side and with the laterai nasal 


branch of the facial. 

Iniuries to any of these major arterial channels are 
those larger, more or less anatomically well defined areas 


accountable for 
of osteomyelitis 
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which result in correspondingly similar masses of sequestrated bone. 
One of these typical clinical entities occurs in the frontal bone. The 
physical basis for this is undoubtedly injury to the terminal branch of 
the frontal arter}- after its emergence through the supra-orbital foramen, 
which branch supplies, among other structures, the pericardium of the 
vertical portion of the frontal bone just above the glabella. An arterial 
lesion of this kind undoubtedly also supplies the physical basis for the 
lesion described by Smith in which a segment of bone and its correspond- 
ing integument exfoliated in one piece. Another example of this type of 
lesion is the sequestration which occurs in the ethmoid, and for ^vhich 
the physical basis is injur}- to the ethmoidal arteries. (See under dis- 
cussion on the frontal and ethmoid groups.) 



Fig. 6. — .\rterial blood supply of the general frontal and ethmoid sinus regions, 
including that of the orbit. A, anterior, and B, posterior ethmoidal arteries ; 

nasal artery; F, frontal arteries; S, supra-orbital artery; 1C, internal carotid 
artery; Q, ophthalmic arterj-; L, lacrimal artery. (Tracing from Gray’s 
Anatomy of the Human Body.”) 

Operative injury, by itself, whether to the venous plexus of the diploe 
or to a major arterial trunk, would possibly not be sufficient to give rise 
to osteomyelitis of the skull. The constant presence of virulent 
organisms, both normally residing in the nasal and nasal accessory 
cavities, and also present as the inciting agent of the original sinusitis, 
provides the necessary and essential element for the establishment of 
on inflammatory lesion in the bone tissue. The operative injury pro- 
vides a soil of decreased resistance for the growth and development of 
the organisms, and in the cases of injury- to the arterial trunk establishes 
oreas of bone in and from which nourishment bv blood supply has been 


116 


archives of surgery 


cliiiiinatcfl. Oj)crativc injury plus infection provides the two factors 
necessary to give the total clinical picture. 

rhe question of drainage after operation is also important. In 
neither of Lacks fatal cases was the mucous membrane of the sinus 
curetted yet an osteomyelitis of the frontal bone supervened, and death 
toftowcci from intracranial complications. Tilley® blames defective 
drainage into the nose, coupled with complete closure of the skin 
incision, as a cause of disaster in these cases. Most surgeons will 
probably agree with the necessity of establishing free drainage, a point 
that has from time to time been insisted on by the majority of writers 
on the subject. In two fatal cases, mentioned by Turner,®^ no sutures 
were jilaced in the skin incision, thus ensuring free superficial drainage; 
in one of these, however, the fatal result is attributed to defective nasal 
drainage; in the other, numerous ethmoidal cells extending into the 
orbital roof were overlooked, and bone sepsis was thus set up. 

I think that Turner’s experience is almost sufficient to show that the 
question of the drainage itself is not of much importance as regards the 
appearance of the osteomyelitis. The latter, under such circumstances, 
probabl}'- should be explained on the basis discussed in the section 
devoted to the spontaneous occurrence of this complication after nasal 
accessory sinus disease. 

Symptometoiogy in Cases Following Nasal Accessory Sinits Disease. 
— As a general rule, the symptomatology of osteomyelitis of the skull 
conforms itself to anatomic considerations incident to each sinus group. 
This is especially so for perforative and localized lesions, and for these 
reasons the discussion of the symptomatology of these varieties of 
lesions will be found in the subsequent appropriate sections giving the 
individual characteristics of each sinus group. 

Localized pain and diffuse headache associated in many cases with 
vomiting are important clinical symptoms. More detailed discussion is 
found in the individual discussions, especially that related to sphenoid 
sinus disease. 

In severe, spreading and diffuse forms of osteomyelitis of the skui! 
complicating nasal accessory .sinus disease, a genera! similarity o t le 
clinical picture is exhibited by all groups. 

Hyperacute cases of osteomyelitis of the skull complicating na^i 
accessory sinus disease are relatively rare. Tire cl-.-' ^ 

cases in this group is that of a profound 

Xvlolent chilis and high fever 

contains diarrhea often 



WILRNSKY— OSTEOMYELITIS OF SKULL 


117 


appears, and the patient is prostrated and covered with perspiration. In 
the most severe cases, death follows in a few hours from the general 
infection. 

In extremely sick patients, alarming secondary intracranial compli- 
cations develop and the symptomatology of the osteomyelitis is over- 
shadowed by the latter. These will be discussed subsequently and more 
extensively on another occasion. 

A general blood infection (sepsis, septicemia, pyemia) is not com- 
monly demonstrable in uncomplicated cranial osteomyelitis by positive 
blood cultures. Nevertheless, transient or more prolonged states of 
blood infection undoubtedl}' do occur, as in some of the fatal cases 
lesions are described and are present in organs distant from the seat of 
thejocal lesion or its neighborhood, the mechanism for the production 
of which is surel}' blood-borne. 

Positive blood cultures are uncommon. A positive culture occurred 
in one of the twelve cases at Mount Sinai Hospital ; Staph)dococcus 
aureus was recovered. In another case due to infection by the pneu- 
mococcus type I, it was suspected that a bacteremia was present ; as the 
patient died two hours after admission, there was no opportunity to 
prove this. It is my impression that positive blood cultures occur only 
when meningitis and other similarly grave intracranial complications 
occur.' 

Clinical Course in Cases Folloiving Nasal Accessory Sinus Disease. 
—The course of the disease is generally very protracted and is fre- 
quently interrupted by intervals of relative euphoria. In Luc’s case 
there was a period of three months between the last manifestation of 
osteomyelitis and the first one of pach3’meningitis ; the entire disease 
lasted two years ; a cure was then obtained, which Luc ascribes to the 
slight virulence of the streptococci. In general, the development of the 
entire disease and its clinical picture may take as little as two or three 
months, or as long as two or more }'ears. In the fatal cases the cause 
of death is much more commonly the effects of the intracranial com- 
plications; much less commonly it is the effect of a general blood 
infection. 

A. Special Characteristics in Cases Associated with Frontal Sinus 
Disease : Cases of frontal sinus disease have formed the bulk of the cases 
m which osteomyelitis of the skull has complicated the clinical picture ; 
that they have been the basis for most of the reports to be found in the 
literature. 

In Gerber’s series of twentj'-nine cases the lesion was present as 
follows : 

In the anterior wall 13 times 

In the posterior wall 7 times 

In the floor 2 times 

In all walls 1 time 
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In frontal sinns disease, perforations occur as follnwq- (n\ t o 
aiuonor wall of ,™„.a, An aJcL thetfon jte," ft 

...Kit tirscair " 

I^at can be palpated ns a lump attached to the roof of the orbit. 
Ijnohenient of the general orbital cavity cannot and does not occur 
until the orbital penosteum breaks and permits the diffusion of the pus 
into the orbital cavity. In the late stages, proptosis occurs. This form 
ol abscess never spreads upward under the scalp of the forehead. 


(c) In the roof of the frontal sinus. An extradural abscess forms. 
The further spread of the suppuration occurs by tracking between the 
duia and the bone, and by increasing accumulations of pus when ^igns 
of intracranial compression occur or by perforation through the dura 
when subdural intracranial complications, to be discussed subsequently, 
occur. 

Localized forms of osteomyelitis complicating frontal sinus disease 
are found as follows: 


(o) Relatively small areas in the anterior wall of the frontal sinus. 
These are relatii'ely easily recognized by the swelling over the frontal 
eminences. The lesion tends somewhat to remain localized and, unless 
spreading of the lesion occurs, give little cause for concern. 

(b) Relatively small areas in the superior-posterior recess of the 
frontal sinus. These are more difficult to recognize, and most commonh' 
presage a later and more widely spread lesion. Intracranial compli- 
cations occur but not as commonl}'' as in the next variety. 


(c) Relatively small areas in the upper angle of the frontal sinus. 
These, as well as those in group b, are difficult to recognize clinicalh', 
are apt to grow in size and spread rapidly and unlimitedlj^ are com- 
monly complicated by intracranial lesions (because the diagnosis is made 
late), and, because of these facts, have a high mortality. 

(d) A chai'acteristic sequestrum. The sequestrum has the shape of a 
tennis racket, the narrow part occupying the general region of the 
internal angular process of the frontal part, the Bare spreading obliquely 
upward and outward in the vertical portion of the frontal bone and 

lyino- altogether to one side of the median line. 

Most of the diffuse forms of osteomyelitis of the skull occur after 
frontal sinus disease. The direction of spread of the process m the 
cranial bones is somewhat characteristic : The general te..d«.cy ,s tm 
Z process to spread upward and outward from the rcg.o„ of t . 
appropriate sinus into the vertical portion of the frontal bone, then ' 
te parietal and temporal regions, and finally to the occp.tal hone. Thcr. 


WIUlXSKY—OsrEOMYEUTIS OF SKULL 


119 


is no strict limitation of the process to one side of the skull, and although 
this is the general rule, involvement of the opposite side by contiguity is 
common. There seems to be little or no tendency for the osteomyelitis 
to spread into the base of skull when the other sinus groups are 
uninvolved. 

1. Symptomatology and Clinical Course in Cases of Simple Perfora- 
tion; In cases of simple perforation through the floor of the sinus, the 
symptomatology is simple, and a diagnosis is easily made. In a patient 
with symptoms of frontal sinus disease, the orbital fissure narrows, the 
orbital content becomes swollen and there is a good deal of tearing. 
Pain is present, or becomes exaggerated. There is usually no fever. 



7. — Diagrammatic representation of a typical sequestration 
frontal sinus disease. 


seen with 


Frequentl}' a small mass is felt attached to the roof of the orbit, which 
IS a subperiosteal abscess. If the latter is not promptl}" incised, and if 
It should rupture into the orbit, a diffuse orbital phlegmon develops. 

In cases of simple perforation through the anterior wall, the symp- 
tomatology is also not difficult; the region of the glabella becomes 
swollen and edematous, and an abscess forms under the skin, which 
either ruptures spontaneously or is incised. In either case, a probe 
quickly demonstrates an opening leading into the frontal sinus. 

I have come across no case in the literature, nor have I personally 
seen any case in which simple perforation occurred anywhere else than 
as indicated in the text. 

2. Symptomatology and Clinical Course in the Localized Form : In 
the ordinar}- case of an insidious development of an osteonyvelitis of 
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the skul! comi^Hcaling a frontal siinis, the suspicion that the latter ic 

Xtion ht"'' fT ^‘"terval. In cases in which 

operation has not been performed dinically the most important symptom 

.s t e extension he^nd the borders of the frontal sinus of an ed~ 

M^cIhng combined with an actual doughy infiltration, which extends 

below tlic scalp and remains constant when there is free drainage of the 

pus Alultijde subperiosteal abscesses speak for osteomyelitis, especially 

If there are concurrent general symptoms. This applies more so when 

the probe below the galea encounters everywhere rough bone. Morel 

and Hubert compare the osteomyelitic bone with "rotting wood.” 

If an operation of the frontal sinus has already preceded, then the 
beginning of the osteomyelitic complication shows itself first in a 
reddening, swelling and loosening of the scar. The lifting up of it 
reveals pus. The probe reveals the conditions just described. These 
symptoms indicate the necessity for a new operation. 

At the secondary operations the wound is enlarged by means of new 
incisions. Tlie skin is found to be swollen and infiltrated and contains 
islands of suppuration. The friable and necrotic bone is removed. The 
subadjacent dura mater is fungous and purulent. The limits of the 
osteitis are not grossly distinguishable and are reached with difficulty. 
The bone is always thickened, soft and red. If all of the affected por- 
tions are removed, the temperature descends and all the symptoms dis- 
appear. But more frequently there is only a period of calm, and on the 
second or third day the wound suppurates. Cicatrization does not take 
place ; the gangrene extends, and the temperature becomes irregular. A 
new operation again is indicated, and is then usually done in an attempt 
.to get beyond the diseased area. 

This same clinical picture may be reproduced three or four times at 
more or less long intervals, and a cure may finally be obtained, but in 
most cases the pain is continuous and the swelling of the wound persists. 

In the severe rapidly progressing cases, this always occurs with 
increasing frequency. New subperiosteal abscesses form. Frequent]}, 
in the severe cases, the local symptoms decrease, but the general s}'inp 
toms increase and the entire organism is invaded by a general blood 
infection. There is severe intoxication of the organism with chills, 
profuse perspiration, delirium and remittent fever. There is an increase 
in the size of the liver and spleen. Death occurs from extension of the 
infection to the brain, sinuses or lungs, regardless of new operations. 

3. Symptomatology and Clinical Course in the Diffuse 
the diffme form, there are certain symptoms that are more or less 
char^rSic. The pain is diffnse, and the patient cannot locai.ac 

L. E., and Hebert, C, by Guises: Bui., « n,™. Sue. tr.ruc 

d’otol. 1:1, .1906. 
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The headache generally is more severe at nigiit, as is the case with all 
pains of osseous origin. The patient is unal)le to sleep, and even large 
doses of opium or narcotics do not relieve the pain. It is generally 
more marked at the beginning of the condition, but it is very variable. 
In some cases it does not appear until the end, and it may even be absent. 

The swelling around and about the wound is not sharply defined. It 
may be of a doughy nature, and then it may make one think of an 
erysipelatous infection. As the process spreads, discrete swellings appear 
at some little distance: these are subperiosteal abscesses. The skin is 
red and verj' tender. 

Fever is for the most part continuous, although the curve ma}' fall 
to normal limits for short intervals only to return promptly. At the 
onset the temperaure is apt to be ver\' high and of an irregular course. 
During the course of the disease, when the manifestations are particu- 
larly severe, the temperature frequently assumes the characteristics 
customarily seen in typhoid fever. Chills are not common ; they occur 
only in cases of general infection, frequently indicate the presence of a 
complicating phlebitis of one of the intracranial sinuses, are present with 
and without positive blood cultures and are generally of unfavorable 
prognostic value. There may be terminal hyperpyrexia. 

B. Special Characteristics in Cases Associated with Ethmoid Sinus 
Disease: Inflammatory disease of the ethmoid sinuses is so intimately 
bound up with disease of the sphenoid and frontal sinuses, and these so 
commonly occur together, that a separate discussion of this phase of nasal 
accessory sinus disease, so far as it concerns itself with secondary osteo- 
myelitis of the skull, seems unnecessary. In the sense in which this 
communication is written, it seems probable that osteomyelitis of the 
skull occurs with least frequency after disease of the ethmoid sinuses, 
and then it is probable that associated disease of the frontal sinus exists. 

In the cases of diseased ethmoid sinuses, perforations occur as follows : 

(n) into the orbit (an orbital phlegmon results) or (&) into the nasal 
cavity. 

With disease of the ethmoid sinus, localized forms of osteomyelitis 
\ skull bones occur in which the process is more or less limited to 
c nasal process of the superior maxillar3' bone, the crista galli and 
ernriform plate of the ethmoid or the thin bony plates forming the 
mesial wall or roof of the orbit. In the cases of ethmoid sinus disease 
c general tendenc}'^ is for the infection to spread forward and slightly 
npuard in the directions just indicated, i. e., to the lacrimal bone, the 
nasal process of the superior maxillary bone, the cribriform plate and 
the crista galli. 

Diffuse forms of cranial osteomj'elitis do not occur, in my opinion, 
n ess involvement of other sinus groups, especially the frontal, coexist. 
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1C S' of perforation in cases of ethmoid sinus disease 

. m ndieji the perforation occurs in the nasal cavities, except for some 
usual y undervalued increase in the nasal discharge. There is a charac 
a„,cl,or«i„,. of s,„,p,on.s, I„ ,.eil Marked cases of 

the ctlnnoicl sinus tins should be suspected when these' two charac- 
teristics arc encountered. 

In cases in wlncli tlie perforation occurs into the orbit, the symp- 
tomatology is that characteristic of an orbital phlegmon, is sometimes 
inore or less dramatic, and is frequently secondarily complicated by 
intracranial lesions. 

Hubby’s case is a good illustration: 

The poslmorteni e.xainination showed : exophthalmos and pus in the orbit ; left 
lateral sinus thrombosis ; left sigmoid and left cavernous sinus thrombosis, but not 
purulent; necrosis of tlie wall of the right orbit. There was a one week’s historj', 
t!ie infection having apparently begun in the nasal cavities. 

C. Special Characteristics in Cases Associated with Sphenoid Sinus 
Disease; It is probable that cases of sphenoid sinus disease are fre- 
quently mistaken for other entities, -and experiences are on record where 
the cases are confounded tvith disease centered in the frontal or ethmoid 
sinuses or with foci in the middle ear or mastoid. It seems certain 
from the reports in the literature that recognition of the development 
of an acute osteom 3 'elitis in the body of the sphenoid rarely occurs 
during life; the diagnosis is apparently most commonly made at the 
postmortem examination. 

Owing to this fact the number of cases reported in the literature do 
not reflect the actual numbers of cases that have undoubted!}^ occurred, 
nor the relative frequency to other t 3 ’^pes of nasal accessory sinus 
disease. Cases of sphenoid sinus infection usually find their way into 
the recorded literature because of the bizarre clinical picture; more 
especially because of the apparently sudden onset of a rapidly fatal 
illness, which is usually proved later to be but a hyperacute exacer- 
bation of an old infection, and most especially because of the intra- 
cranial complications that occur, the apparently sudden appearance of 
which causes the alarming change in the clinical picture and furnishes 
these powerful elements that overwhelm the resistance of the patient 
and gives the fatal character to the illness. The role of any osteo- 

mvelitis is usually lost in the dmical turmoil. 

' In 1929 Kramer could find less than a hundred cases of sphenoul 
sinus disease with complications in the literature He reported nine 
' es of this kind from the Mount Sinai HospUal five of wi ch 
"curred « hospital in the preceding year. Among these nme cases, 


”^^7HuSy; Laryngoscope 31:204, 1921. 
47, 


yiUDUy. t-- ' 1 1070 

Kramer, Rudolph: Laryngoscope 39:573 (Sept.) I - • 
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there were two in which frank osteomyelitis of the bone of the skull 
was present cither as a coincidence in the total clinical picture, or as 
the means by virtue of which other intracranial complications had 
been brought about. 

Kramer^' supplied the notes of these cases; 


A man, aged 50, had a cold in the chest for several weeks; for three days he 
had liad fever; for two days he was restless, delirious, and finally unconscious. 
Physical examination sliowcd ; marked toxemia, signs of meningitis, bilateral early 
papilledema, vertical nystagmus, an enlarged heart and peripheral atherosclerosis. 
Lumbar puncture yielded purulent fluid under increased pressure containing pneu- 
mococcus type I. Death occurred two hours after admission. 

Postmortem e.xamination showed: diffuse meningitis, more marked at the base; 
nght cavernous sinus phlebitis ; pus in both posterior ethmoid and sphenoid 
sinuses; the body of the sphenoid sinus, hemorrhagic and purulent, and a red 
glazed pharynx and nasopharynx covered with dried purulent crusts. Pneumococ- 
cus type I was isolated in the aforementioned lesions. 

A woman, aged 55, gave a histor 3 ' of symptoms of five months’ duration, 
which followed a chronic course. There were intracranial manifestations. A diag- 
nosis of a metastatic malignant condition was made at first because of coexistent 
esions unrelated to the principal disease process. The examining rhinologist 
diagnosed spheno-ethmoiditis, and a bilateral operation was performed. The 
riedlander bacillus was found in the spinal fluid and in the sinuses. After the 
mtranasal operations, the patient was markedly relieved for two weeks, and the 
cells in the spinal fluid dropped from 2,400 to 175 and from 89 to 50 per cent 
polymorphonuclears. ^leningitis developed. Intravenous therapy was instituted 
tor sepsis. The patient went into a state of coma, and died. 

Postmortem examination showed; purulent meningitis and encephalitis, a large 
0 t sphenoid sinus containing creamy, yellow pus and a right sphenoid containing 
a small amount of pus, as did the ethmoids on both sides. Posterior to the left 
sp enoid, the medulla of the basisphenoid and basiocciput was soft and friable, with 
9 path of necrotic bone leading from the left sphenoid sinus through the basiocciput 
pet orating into the cerebellar fossa. The dura here was perforated. The sur- 
rounding dura was thickened, dull in appearance and covered with pus. The pus 
was adherent over the perforated dura. A culture revealed atj'pical bacillus of 
^he Friedldnder group. 

The pathway of infection was from the larger sphenoid sinus, through the 
•nedulla of the basisphenoid and basiocciput, through the dura of the cerebellar 
lossa and into the pia-arachnoid. There had been temporarily a successful attempt 
® of the meninges to wall off the process in the region of the necrotic 
cere cllar floor, but this barrier was finally broken down. 

I have been able to find the following additional cases in the 
hterature : 


hi! — The patient had had chronic “catarrh” of the nose and throat, 

w'eeks^^i ot'^is and bilateral acute exacerbation of otitis media. Four 

infeed double vision developed. There were general symptoms of general 

'o«, and tenderness of the right mastoid. An intra-oral incision was made 

^Sleton, \V. p. ; Cavernous Sinus Thrombosis, New York, The yfac- 
-'Lllan Company, 1926. 
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«“ "^opl-ynx; bar= tone 

uas palpated extending upward into the base of the skull. Subsequent exploration 

"“’f’ ethmoid sinuses were done. The patient died, 
nor cm c.xamniatron revealed thrombosis and suppuration in the right lateral 
.Sinus and jugular vein and bulb. ® 


Hosto.v.''' The patient suffered from pain over the eyes, purulent secretion 
ironi the nose, c.xophthalmos and paresis of the facial muscles. Death occurred. 

1 he diagnosis made on section %vas inflammation of the sphenoidal sinus associ- 
ated with osteomyelitis, necrosis and gangrene of the basilar sphenoid and occipital 
regions, thrombosis of the cavernous sinus and ethmoid ; purulent meningitis, pul- 
inonar_v abscess and parenchymatous degeneration in the viscera. 

Grant.-’® In a fatal case of sphenoid osteomyelitis, at autopsy the sella 
turcica and body of the sphenoid were found to be brown and markedly soft and 
readily admitted the chisel. The entire body was similarly involved. The other 
bones were normal. 

The postmortem diagnosis was ; abscess of the body of the sphenoid, osteo- 
myelitis of the sphenoid, basilar meningitis, cerebral edema, otitis media purulenta, 
bronchopneumonia, mjmearditis, acute splenic tumor, acute glomerular nephritis 
and to.xic nephrosis and passive congestion of the liver, spleen and lungs. 


In the sphenoid sinus, perforation occurs as follows : 

(a) Through the floor or anterior wall of the sphenoid and into the 
superior pharynx. An abscess forms between the bone and the mucous 
membrane of the roof of the pharynx. 

(Ij) Through the roof of the sphenoid in the general neighborhood 
of the sella turcica. This leads immediately to certain intracranial 
complications (extradural abscess at the base of the skull, meningitis, 
sinus thrombosis), which will be discussed subsequently. An illustrative 
postmortem report is that of Key-Alberg : 


Postmortem examination showed the following: meningitis in the ventricles 
and in the subarachnoid cavities at the base, especially in the posterior cavum 
cranii. ’ There was no exudate over the hemispheres. After removal of the 
infundibulum, an irregularly shaped lesion the size of a farthing was found to the 
right of the anterior wall of the sella turcica. This perforation had blood-stained 
edges, and opened into the sphenoidal cavity, which still contained a not incon- 
siderable quantity of pus, mixed with blood and coagulation. Thrombosis was 
present in the cavernous sinus on both sides and in the ophthalmic vein on i 


right side. 

The pathologico-anatomic possibilities and the difficulties in djag 
rtosis and in interpretation of the postmortem findings f 

trated by one of the cases from Mount Smai Hospital, r p > 

Kramer : 

A woman, a^ed 53, tod a prodron^l period of ■>“ IS 

headache, continued nasal discharge, intermittent vomiti g. P 


49. Boston : Norsk, mag. f. lacgevidensk. 

50. Grant: Laryngoscope ■11:842, 1931. 

51. Key-Alberg: Acta oto-laryng. S:37, 


72:559, 

1921. 


1921. 
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head, septic temperature for three days before admission, unconsciousness, and 
then coma. Death occurred twelve hours after admission. 

Briefly summarized, postmortem examination showed pus in the left antrum 
and some of the ethmoid cells: the sphenoid sinus was absent. In the body of 
the sphenoid there was a sinus tract (possibility of craniopharyngeal sinus infec- 
tion) 0.5 cm. in diameter, filled with detritus, which ran from the roof of the 
nasopharynx through the sphenoid bone in an upward and backward direction for 
a distance of 1.5 cm. The sella turcica was eroded, and the periosteum over the 
sphenoid bone at the base of the skuU was considerably thickened, and in places 
It was lifted from the underlying bone. There were basilar meningitis, hypo- 
physitis, ependymitis, purulent bronchopneumonia and an old tuberculous cavin'. 

The spread of an osteomyelitic process originating in the sphenoid 
occurs from the posterior part of the bod}' of the sphenoid to the adja- 
cent part of the basilar process of the occipital bone across the line of 
articulation. The physical basis for the extension in this direction and 
Its limitation thereto lies in the occurrence of diploic tissue in this part 
of the sphenoid only, and in its continuation into the basilar portion of 
the occipital bone ; diploic tissue is apparently absent in other parts 
of the sphenoid. Rarely, if ever, apparently, and for this reason, does 
the process extend outward into the wings of the sphenoid; I have 
seen no mention of this in the reported cases ; in one case its absence 
is distinctly commented on ( Grant ®‘’) in the postmortem protocol. 

It is characteristic of osteomyelitis of the skull originating in the 
sphenoid that the process is always localized and is limited to the poste- 
I'lor part of the body of the sphenoid and the basilar portion of the occi- 
pital bone. Diffuse forms of osteomyelitis of the skull never occur from 
a sphenoid origin. The close proximity to the extremely important struc- 
tures at the base of the brain, the great opportunity and facility for the 
transference of the infection to and within the meninges, the ease and 
readiness with which extradural abscess forms, all make for a rapid 
development of fatal intracranial lesions, which bring death before the 
osteom3'elitis can spread to any great distance. 

The symptomatolog}' of cases of sphenoid perforation has certain 
characteristic features : 

(ir) Cases are reported by Eagleton and others in which a tume- 
action is palpated in the roof of the pharynx, which when opened is 
ound to be referable to a perforation in the appropriate wall of the 
sphenoid. Undoubtedly this happens more often clinically and is not 
agnosticated because practitioners do not often palpate the superior 
P arynx, and in any case the swellings are difficult to feel ; spontaneous 
1" Oration then occurs. The latter is also commonly unrecognized 
°"ing to the fusion of the resultant discharge, after spontaneous per- 
a ion through the mucous membrane of the pharynx, with that from 
natural opening of the sphenoid, from other sinus groups or from 
general nasopharyngeal cavity. 
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(b) Occasionally Ihc perforation is to one or the other side of the 
xiJinc: suppuration then develops in the general neighborhood of 
nKpfcoyon, axillary fossa. The latter conditions may be suspected if 

iMitV^^^u'ift’l ‘ sphenoid disease, difficulty and inhibiiion 

nf /I 1 ‘’I'v f’-ee use of die teniporomaxillary articulation (opening 

ot the laws). Commonly this complication is unrecognized. 

(.xcept for a limited number of cases of this kind, it is not possible 
to disPnguish any symptomatology inherently referable to any osteo- 
myelitis at the base of the skull originating from the sphenoid, because 
t le occurrence of the latter is invariably associated with intracranial 
comiihcations, notably a basilar meningitis, the signs of which dominate 
the clinical picture. The diagnosis is to be made by inference only in 
the following circumstances; 

(c) It seems correct to say that in cases of established or suspected 
sphenoid sinus disease, a sudden, acute, overwhelming exacerbation of 
S3'mptoms, especially if these point to the basal meningeal areas, indi- 
cate a perforation in the roof of the sphenoid. 

(d) A less dramatic and slower development of an intracranial 
lesion indicates the probable, though not the invariable, preexistence of 
an osteomyelitis. In general, it is to be said that in any patient with 
subjective and objective signs of sphenoid sinus disease, the occurrence 
of persistent headache and vomiting, and the development of the objec- 
tive signs of meningeal irritation — stiffness of the neck, Kernig sign, 
etc. — should lead one to suspect that an intracranial lesion is developing, 
so that there is urgent need of immediate verification. Any more or less 
proved suspicion of the presence of an intracranial complication should 
immediately furnish the necessary criteria for the assumption that an 
osteomyelitis at the base of the skull originating in the sphenoid is prob- 
ably present. The literature gives one the impression that neurologists 
have been more alert in making this diagnosis than the rhinologists. 

Osteomyelitis of the sphenoid, because of the predilection for intra- 
cranial complications, especially purulent basilar meningitis, is apt to have 
( 1 ) either a very acute and fulminant course With a fatality in a few days, 
or (2) a more chronic course lasting a month or more and ending most 
usually in death. Commonly the clinical course shows a combi- 
nation of the two: a more or less prodromal period with obscure symp- 
toms and physical signs, and then a sudden overwhelming o t e ) 0 () 
with fulminating infection, usually the expression of a terminal memn- 

gitis, which rapidly results in death. 

A most important symptom in sphenoid smus disease an ■ 
myelitis of the base ot the skull derived therefrom ,s pmn 
the ear and mastoid regfions occurring on 


m 


those 


7he ;b;ence of auj' “'’J'f'’'; „,e ,t„ll 
regions should lead one's attention to trotiMe at the base ol 
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in the region of the sphenoid. I-'ven in the jiresence of disturbance in 
the mastoid regions, sncli pain has a certain amount of significance. 
Diffuse headacite is also inij)ortant. It sennetimes begins in the frontal 
region and s]ireads to the occipital region ; it then indicates involvement 
of the sphenoid region. When the headache becomes persistent and 
possibly of increasing severity, when it is difficult to control by the 
ordinary means and when it is associated with lethargy- and. possibly with 
occasional vomiting, it becomes the most imi7ortant single sign and 
symptom of the jirodromal jieriod in which osteomyelitis of the 
sphenoid bridges tlie chasm between sphenoid sinus disease and fatal 
intracranial complications. 

Choked disk with o})tic neuritis is another important symptom of 
sphenoid disease. The discussion of this symptom beyond its bare 
mention is possibly beyond the scope of this paper. 

OSTEOMYELITIS OF THE SKI’LL IN' ASSOCLATION' WITH ACUTE 
INFECTION' OF THE TONSILS 

The importance of the intercurrence of an additional acute infection 
in a subject in whom a preexisting sinus disease is present — especially' 
sphenoid sinus disease — as a factor in the exacerbation of the sinus 
disease which leads to the occurrence of intracranial complications was 
pointed out and emphasized by Eagleton.'*'’ 

There are references in the literature to cases of acute osteomy'clitis 
of the base of the skull that have followed an acute infection of the 
tonsils, or have followed an operation on the tonsils and adenoids. As 
there is always present an older lesion in the nasal accessory' sinuses, most 
Usually lu the sphenoid cells, Eagleton assumed that the acute infection 
in the tonsils or that following the operation on the tonsils and adenoids 
has brought about an acute exacerbation of the infection in the sinuses, 
and that the osteomyelitis of the skull owes its existence to the latter. 
The assumption seems most reasonable and is probably' correct. 

I have been able to find the following illustrative cases in the 

literature : 

Jacques axd Luciex.^= A peritonsillar abscess was present, which was 

opened. The ears were normal. A gangrenous osteomyelitis of the body of the 
sphenoid and the apex of the petrous bone developed. A cavernous sinus thrombo- 
sis followed. Death occurred in three days. 

Hoston.-u) — The symptoms started in the neck. There was pain when the 
patient opened his mouth. Death occurred in five days. Diagnosis on section was 
angina phlegmonosa, thrombosed cavernous sinus, osteomyelitis and necrosis of 
the sphenoid and occipital bones, purulent meningitis and edema of the meninges. 

}VYHE.U-_In a 48 year old woman acute tonsillitis developed, followed by a 
hcntonsillar abscess. In the following sixteen days there was increasing spelling 

52. Jacques and Lucien : Bull, et mem. Soc. franc, d’otol.. May, 1908. 
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iTreLr'" Meningitis and encephalitis were also 


L Iam.f.v.-— lliree weeks after an operation on the tonsils and adenoids signs 
o) a cavernous sinus thrombosis appeared, and the patient died soon thereafter, 
i ostmortcin e.xanimation showed, in addition, osteomyelitis of the body of the 
sphenoid. 


O j\Iallc\ s exjjerience was that in all cases of death from cavernous 
sinus thrombosis following' tonsillectomy, the sphenoid was involved. 

D. Special Characteristics in Cases Associated with Antral Disease: 
A good deal of confusion exists between the subjects of antral infection 
and osteomyelitis of the superior maxilla. It seems undoubted that 
either one can produce the other. In any event, extension of infection 
from the superior maxilla into the cranial bones, no matter what the eti- 
ology is, seems to be extremely rare. Communication with the cranium 
exists at the nasal process of the maxilla or through its ethmoidal con- 
nections ; and it seems very probable when antral sinusitis is followed 
by an osteomyelitis of the skull, that other sinus groups, notably the 
frontal and ethmoid groups, are also involved. The following are illus- 
trative cases: 


Skillern.^® — This case is an example of an extension of an osteomyelitis of 
the nasal process of the superior maxilla to the frontal bone and skull. It appears 
that pansinusitis existed, and osteomyelitis developed in the maxilla and spread 
on the one side to the frontal bone and, on the other, to the malar bone. The 
infection was due to Staphylococcus aureus. 

Hanson.®^ — There was a left upper “abscessed” tooth, wliich was extracted. 
Foul suppuration was found in the left antrum, which was drained by osteotomy 
of the nasal and facial surfaces at the anterior inferior angle in front of and 
below the inferior turbinate bone. There was a recurrence of symptoms, and 
extension of the process upward ; an incision was made over the left frontal sinus, 
and the diseased bone exposed. Sequestrums were removed from the frontal bone. 
Bacteriologic examination showed Streptococcus hemolyticus. The patient v.rs 
lethargic, with signs of meningeal irritation, convulsions and stupor, t ten (in i 
followed. Postmortem examination was not made. 

Connfr.®®-A 38 year old man had suppurative maxillary sinusitis; (be ol wr 
sinuses apparently were not involved; drainage was obtained tlirougli the 

7,?,' second npper left ftienspid end by 

meatus. A small infected lesion was present m the floor of 

537o^hey, in discussion on Davis: Proc. Soc. Aled. (Lar.\n, 1. 

13:174, 1912. (March) 1930. 
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left nostril. There was pain along the distribution of the left fifth nerve, and 
fever. A tender swelling developed in the region of the left lacrimal sac, increas- 
ing to cover the whole infra-orbital region. A roentgenogram showed no apparent 
involvement of the frontal sinus, but the swelling extended upward onto the fore- 
head and to the opposite side of the nose. Incisions were made in the left cheek, 
the forehead and the right side of the nose; the periosteum was lifted; the bone 
was found inflamed, but there were no sequestrums. Bacteriologic examination 
showed streptococcus. Staphylococcus albus and Micrococcus catarrhalis. Culture 
of the blood gave negative results. There were signs of meningitis. The patient 
died. 

The mechanism is apparently one of two: (1) extension of an osteo- 
myelitic process in the maxilla through its nasal process into the frontal 
bone, or (2) as in other cases of frontal sinus disease, due to an asso- 
ciated frontal sinusitis. 

The occurrence of osteomyelitis of the skull under either of these 
two conditions is rare. 

Extension front a Focus of Infection in the Otologic Apparatus . — In 
discussing this phase of the subject of osteomyelitis of the skull, no 
attempt will be made to include the subject of middle ear or mastoid 
disease as customarily understood among internists and otologists, except 
where elucidation of the subject of cranial osteomyelitis demands it. 

There is little in the literature concerning cranial osteomyelitis after 
middle ear and mastoid disease. This is encountered under two con- 
ditions; (1) as isolated and incomplete references to this association in 
the reports of cases of mastoid disease or (2) in larger communica- 
tions dealing (a) with the subject of nasal accessor}' sinus disease and 
its complications, or (&) with the subject of cranial osteomyelitis. The 
sparsity of the literature is noteworthy because it calls attention to the 
actual small numbers of cases of cranial osteomyelitis that follow an 
otologic origin, and to the relative abundance of this complication after 
nasal accessory sinus disease as compared with its occurrence after 
middle ear and mastoid disease. 

A report of 266 cases of streptococcic osteomyelitis of the temporal 
bone was made by Boyd-Snee in 1922. A great many facts were 
given, out of which one can extricate the following : ( 1 ) It is always 
associated with a middle ear infection or wdth an exacerbation of it; 
(2) invasion occurs by continuity of structure or by hematogenous 
paths; (3) the streptococcus is always present; (4) the term used is 
uncomplicated” osteomyelitis of the temporal bone, and (5) the mastoid 
>s apparently uninvolved; (6) the s)'mptomatolog}' is that of mastoiditis; 
(2) the usual intracranial complications are likely to occur — 
thrombophlebitis, meningitis and brain abscess. 

Sfi. Boyd-Snee, H.; J. Indiana M. A. 15:147 (May) 1922. 
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In the discussion of Boyd-Snee’s paper (Breitenbach, Bulson) there 
was not entire agreement with tiie conclusions of Boyd-Snee. ^There 
seems to )e a strong possibility that many cases of unusually wicle- 
spiead mastoiditis might have been included in the 266 cases reported 
ny ijoyd-Snee. 

Osteomyelitis of the skull complicating middle ear and mastoid dis- 
ease IS far rarer than is the same complication after nasal accessory 
sinus disease. J his is due both to (a) the essential anatomic conditions 
aiK (/?) to the character of the manipulations during operation for 
mastoid disease. 

(a) The squamous portion of the temporal bone, the petrous 
jiyramid, the zygoma, the adjacent parietal bone, and the occipital bone 
are the bony structures that are of most interest. In looking at an 
ai ticulated skull, it is readily seen that the pneumatic portion of the 
temporal bone, which makes up the mastoid, is surrounded in the 
superior, anterior and posterior directions by a continuous area in which 
the diploe between the tables of the skull is at a minimum. In the flare 
of the squamous portion of the temporal bone the diploe is absent; 
some diploe is usually present in the root of the zygoma; anteriorly, 
where the bone articulates with the wings of the sphenoid, it increases 
somewhat in extent; toward the occipital bone, the cancellous structure 
begins to become prominent. Here, however, it will be noted that the 
imeumatic structure of the mastoid is accomplished by plates of dense 
bone, and no true diploe exists. Posteriorly, also, where the temporal 
bone articulates with the occipital bone, the lateral sinus is lodged, and 
the diploe practically does not exist as its potential space is occupied 
by the venous sinus. 

At the periphery of the temporal bone, where the bone thickens out 
to articulate with its neighbors, diploic structure begins to appear (fig. 

8). In adults, as was pointed out previously, when the articulations 
disappear, the venous plexus contained in this diploic structure becomes 
continuous with that of its neighboring bones, the parietal, the occi])itaI 

and the greater wing of the sphenoid. 

The petrous portion of the temporal bone is composed of dense 
hard bone. It contains the auditory apparatus and the labyrinth and 
several canals for the transmission of nerves and vascular channcl.s. 

In spite of its traditional hardness, a certain amount of cance oiis 
(diploic) structure is found scattered in the very hard dense bone w nc i 
makes up the bulk of the petrous pyramid and which makes iq) ic 
various walls of the auditory apparatus, the labyrinth and of t le win j 
channels. Even though the middle ear and the mastoid cell.s . ^ 

closely associated with the pyramid, this dense bone seems to 
laBer chambers very effectually from the little diploic structure contained 

within it. 
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Toward the base of the skull the apex of the pyramid lies in asso- 
ciation with the basilar process of the occipital bone ; the relationship 
resembles accurately that between the posterior part of the body of the 
sphenoid and the basiocciput. 

In operating for mastoid disease, the aim is to elear out all of the 
pneumatic portion. WMien the operation is efficiently done, the entire 
cavity resulting from the operation is bounded by dense bone, and the 
latter is a fairly efficient harrier to the transfer of any infection into the 
cranial diploe. 

In association with otologic infection, the spread of the latter occurs 
in a number of directions. According to Neumann,''' they are, in order 
of their frequency: (1) mastoid process, (2) fossa sigmoidea, (3) 
tegmen tympani et antri, (4) petrosa, including the labyrinth and 



Fig. 8. — Cross-section of a temporal bone to show the relationship and distribu- 
tion of the cancellous and hard bone. 


(5) posterior limb of the external semicircular canal and the carotid 
canal. According to Druss,'’® from whom I am taking these facts and 
who gives the experience at the Mount Sinai otologic (Friesner) 
service, while the predilection for the cells of the petrous pyramid is 
fourth on the list, nevertheless, a petrositis is far more prevalent than 
Was previously believed. This has been demonstrated both clinically 
^nd histologically. 

The foci of osteomyelitis which are found in the skull in association 
"ith otologic infection occur, roughly, at the following sites: 


(1) In the occipital bone. This is the commonest form, as when 
1 le infection spreads backward from the mastoid into the contiguous 
part of the occipital bone. It is usually interpreted as being an 


57. Neumann, Heinrich : Die otitische Kleinhirn- Abscess, Vienna, Franz 
Ueuticke, 1907. 

38. Druss, J. G. : Laryngoscope 41:394 (June) 1931. 
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o K.se ,t ,s um oubtal ,),at there is a tree extension into the tliploe 
of ti,e occipital bone. On the other hand, occipital involvement is 
exlrenicly rare when a focus in the petrous pyramid spreads by con- 
igiiit} to tlic basiocciput; this will be discussed subsequently in the 
section devoted to osteom 3 'elitis in the pyramid. 


(2) In the zygoma. This is possibly next in frequency, and is 
usually found at the root and in the body of the zygoma; it is also 
sometimes interpreted as being an extraordinary development of the 
mastoid cellular structure. The lesion tends to localize itself in a 
lelatirel}' small area, and being very close to the floor of the middle 
fossa, it is one of the varieties in which perforation is found to occur 
into the interior of the cranium and to give rise to extradural abscess 
and meningitis. Such a case was reported by Druss and Friesner from 
Friesner’s service at Mount Sinai .Hospital : 


A boj', 6 years okl, bad headache, pain in the left ear and spontaneous rupture 
of the drum. Tiie symptoms continued. There were physical signs of meningitis. 
Tlie spinal fluid contained meningococcus, and a blood culture was sterile. A 
roentgenogram of the mastoid area was negative. The boy was discharged with a 
diagnosis of meningococcus meningitis. 

He was readmitted five months later with a seventeen day history of aural 
discharge, for which myringotomy was done. Twelve hours before adwission, 
there were frontal headache and vomiting. The spinal fluid showed gram-positive 
cocci, which did not grow on culture. There was an increase in s 3 miptoms. Focal 
neurologic symptoms led to a diagnosis of temporosplienoidal abscess. The patient 
died. 

Postmortem e.xamination showed osteomyelitis of the inner aspect of the 
zygoma in the temporal bone and perforation of the bone through the adherent 
meninges. The remainder of the temporal bone was normal. There was a tem- 
poral lobe abscess. 

(3) In the squama. The thinness of bone in titis locality is 
proverbial, and various forms of subdural abscess and meningitis arc 
described. An illustrative case is reported by Eagleton ; 


The patient suffered from a deficiency in hearing. Sore throat devcloiwd, fo - 
lowed by increased diminution of hearing. Paracentesis was done to relieve it 
pain. The maxillary antrum was drained. After a right mastoidotom> t ic pa itii 

“Cold” developed, followed by pain on the top of the head. The 
suppurated. There were no meningeal 
sterile fluid. Operation showed extensive superficial 
above the external auditory canal and zygoma, caries in t - 

Tueningitis, The sinus was free from disease. The focus 

Sepsis continued. Blood culture showed long chain strep 
was found to be in the shoulder. Death occurred. 

J. G., and Friesner, I.: Pathways of Infection in Al.cess of the 
Brain, Arch. Otolaryng. 13:532 (April) 1931. 
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Postmortem examination showed thrombophlebitis of the right jugular vein 
and bulb, a carious condition of the base of the skull over the sphenoid extending 
into the basilar process of the occipital bone, serous meningitis with areas of 
exudation, pneumonia and pericarditis. 

(4) In the petrous pyramid. Druss studied these cases at Mount 
Sinai Hospital. Various patlis have been described by Perkins,"® Sears,"^ 
Chamberlain,'’’- Maybaum and others for the routes of extension of 
the infection from the middle ear and antrum to the pyramid. In the 



Fig. 9. — Low power picture from Druss’ case showing at A the location of the 
abscess in the root of the zygoma. (Courtesy of Dr. Druss.) 


main, they are along the paralabyrinthine cells (above, below and on the 
side of the labyrinth), along the cells accompanying the eustachian tube, 
through the carotid canal, through the subarcuate fossa, along the supe- 
rior and inferior petrosal veins, from an extension of an extradural 
abscess or from a combination of these. As it spreads througli tiie petrous 

60. Perkins: Ann. Otol. 19:692, 1910. 

61. Scars; Pennsylvania M. J. 3:844. 1910. 

62. Chamberlain; M. J. 27:566, 1924. 

63. Maybaum, J. L. ; Laryngoscope 30:138, 1920. 
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pyramid, the infection may involve or avoid the labyrinth in its conrse. 
Ulher aetors lieing equal, the more cellular the petrous pyramid, the 
more Ideal is the situation for the spread of infection. 

According to Druss.-^** the mastoid process, tlie petrous pyramid and 
the apex differ in their anatomic structure and in their pathologic 
picture. Usually the degree of infection is greater in the mastoid cells 
than in the paralabyrinthine cells, but the contrary may be true, and 
there may be little or no infection in the mastoid cells, and the para- 
labyrinthine cells or the cells at the apex may be the seat of a localized 
collection of pus. Such cases have been reported by Otto Mayer, 
Karlefore, Ulrich (quoted by Belinotf and Balan ®*) and others. 
Druss demonstrated histologically that infection may subside in the 
middle ear and mastoid cavity but will increase in severity as it advances 
through the petrous pyramid. This bears out clinically the not too 
frequent occurrence of a dry, resolving middle ear associated with an 
intracranial complication. 

These anatomic considerations give the physical basis (I) for the 
occurrence of osteomyelitis of the skull as a complication of middle ear 
and mastoid disease, (2) for its relative sparsity of numbers as compared 
with similar complications after nasal accessory sinus disease, (3) for 
the essential similarity of the clinical symptom complex and course and 
for similar associations with similar groups of intracranial complications. 

The anatomic considerations outlined here give the physical basis 
for the very much lessened likelihood, which exists in otologic conditions 
necessitating mastoidectomy, of direct infection of the cranial diploe 
during the manipulations and steps of the operation. Unless the diploe 
is unusually well developed and extends well, into and toward the field 
of a mastoid operation, it is difficult to understand how direct infection 
could mechanically be implanted into the diploe. 

The following types of lesions are found ; 

(1) Perforations. These are unusual. The cases at Mount Sinai 
Hospital included only one of these in which the perforation occurred 
in the neighborhood of the root of the zygoma. Theoretically, 
perforations ought to be found with disease in the squama. 

(2) Localized lesions. These form the bulk of the lesions fouiU. 
Their localizations and physical appearances have been su c'ont \ 
indicated in the previous paragraphs. Practically all the remar vS in.u t 


hei-e concern the localized type of disease. 

(3) Diffuse lesions. There are no cases of this kind in 
at Mount Sinai. When I speak to otologists about this tyfie o - - 

elery 0- is of the belief that they are very rare; and no one. v.I.u, 


and Balan: Monatschr. f. Ohrenh. 64:1185, 1030. 
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actually pressed for an example, can give me a specific instance of this 
kind. 'l have a slight recollection of having seen mention of such 
experience in the literature, hut I am unable to remember where and 
under what condition. I get the distinct impression that diffuse c 
of osteomyelitis of the skull are extremely uncommon after otologic 

and mastoid disease. _ t n i 

Ths sequence of events, tvlien tlie osteomyeliOs ' 

ololoqic origin, is. tor practical purposes, ettaaly s.nular >“ ' 

plicating nasal accessory sinus tlisease. Both ot these sets of organs are 
liollon- chambers, either of a simple or of a complicated on m . > 

mucous membraue and subject to the same type o infection produced 
in similar ways; indeed, in many cases there is a 
the accessory structures that communicate with the 
included in this term. The bacteriology is similar; t e 
ology is similar, and the mechanism ot production and the progression of 

the lesion is similar. . , 

The relative sparsity of cases of cranial osteomyelitis after 
me rew ‘ , , , .. . relatively efficient way m which the 

otologic origin is explained b) e el off from 

area of primary infection — middle ear , . , cnarsitv 

connect! with the general cranial diploe and with ^ 

of diploe which exists in that part of the s u ^ osteomyelitis of 

the pLary area. Prohably in those cases m winch th « 

the skull develops, the diploe is extraord.nanly 
reaches downward toward the area of pnmary “ 
extent than is usual. Given a similar or.gm, 

and similar pathogenesis and pathologtco-anatonnc “ “ 

expected that the climeal course will he sumlar .n both ^ 

in those with origins in the nasal accessory s, noses and m the o o o^ 
area For this very good reason, no attempt wdl be made 
th! aspLs of thi Lbjecl, as it will only uecess.tate repeating wha 
was s“d in the part of this communication dealing with cases of 
osteomyelitis of the skull after nasal accessory sinns disease. 

Exactly similar considerations apply with equal force to the var on 
intracranial complications that occur-to their 
pathogenesis, to their clinical course, to them treatment and to the 

Frey - has attempted to differentiate cases of ordinary ear 

and mastoid disease from cases of osteomyditis ot the temporal bo e 
unassociated with otologic infection. His differentia di^nosis del mds 
on the following criteria: (D particularly rapid development of the 
manifestations; (2) rapid deterioration of the genera con i ion 
the beginning with high temperatures, prostration, anorexia and rest- 


ftS. Frey, G.: J. Laryng. & Otol. 40:308 (May) 1923. 
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icssncss; (3) the presence of a retro-auricular swelling with especial 
reference to its early appearance, size and its tendency to extend rapidly 
leyoncl the mastoid limits; (4) the virulence of the infection; (5) 
freciucncy of involvement of the facial nerve and of disturbances of the 
vcstinniar a]:)])aratiis ; (6) the operative appearances; {a) the tendency 
to necrosis, (/;) the presence of foci close by in the zygoma, squama o'r 
pyramid, or at a distance by way of the diploic veins ; (7) rapid progress 
of the disease, and (8) involvement of other than the lateral sinus. 
Frey cited the following case: 

A hoy, aged d years, had a refro-auricular swelling behind and below the 
mastoid .and extending to the occiput and into the muscles of the neck. At opera- 
tion there was widespread necrosis, and the osteitis was found to extend into the 
spongy cancclious tissue of the zygoma and the occipital bone. A thrombosis of 
the lateral sinus with a surrounding abscess was present also. 

Four days after operation, there was present chemosis of the upper eyelids 
and exophthalmos; the temperature was 305 F. The spinal fluid was negative; 
blood culture was sterile, and bacteriologic examination of the pus showed stapliylo- 
coccus. Eight days later jaundice developed, and death occurred. 


I have no doubt that cases of osteomyelitis of the temporal bone of 
this type — and most probably they are of hematogenous origin — occur 
from time to time. The chances are good that these differentiating 
criteria which Frey proposes are sound, and they are confirmed by 
Wittmack;”® but it would take exceptionally sound and clever clinical 
sense to make the differentiation unless evidence of a hematogenous 
infection in general is undoubted and beyond question. One of the 
points that would carry weight with me would be the presence of 
Staphylococcus aureus as the provocative and etiologic organism for 
the infection. 


A group of cases occur in which a focus develops in the petrous 
portion of the temporal bone and in which there is eitlier no evidence 
of preceding middle ear disease or of mastoid involvement, or in which 
the middle ear alone is involved; sometimes the middle ear manifesta- 
tions appear some time after the evidences of pyramid disease. In t lesc 
cases the discussion always centers around the question of hematogenous 
infection. My own impression is that many of these are o lema 
genous origin. There have been several such instances m the oto ogit 
service at the hospital, but usually the available data is sonicH . 
Lsufficient to enable one to make an incontrovertible opinion. A 

pertinent case is the following; 

A 62 year old colored man entered the iccarirnaf during 

’Freisner) with an unimportant history except f 

"“^^T^^^aack, in Henke and Lubarscli: Handbiich dcr jpezicllcn pathd 


gischen Anatomic 


in rienKe anu ^ 

und Histologic, Berlin, Julius Springer, -i- 
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the past three or four rears. His present illness began four weeks before admis- 
sion with an initial shaking chill followed by attacks of pain in the lower aspect 
of the left side of the chest, not increased by respiration, and accompanied by 
continued high temperature and daily severe chills. Physical e.xamination revea ed 
an acutely ill man with some impaired mobility of the left leaf of the diaphragm, 
bilateral costovertebral tenderness, more marked on the right, and marked tender- 
ness over the liver. Blood pressure was 130 systolic and 90 diastolic. Hemoglobin 
was 82 per cent, the white blood count, 22,000 with 86 per cent polymorphonu- 

clears. The Pirquet test was positive. , . - 

This clinical course continued in the hospital, and a week after admission a 
complete exploratory laparotomy was done, but nothing abnorma was oun 

wound healed by primary union. , j i 

The course continued septic. The Wassermann test was negative. Blood cul- 
tures were persistently negative. Agglutination tests for 
were negative. A search for malarial parasites revealed nothing. 
revealed some pns cells but no organisms. Roentgenograms of the diej on two 
occasions were negative. Roentgen examination of the stomach and duodenum 
gave negative results. Normal urine persisted throughout the patient s stay m 
the hospital, and an intravenous pyelogram, taken to rule out some ^’^ney infect, o„ 
such as a carbuncle, also revealed nothing. A leukocymsis f 

30.000 white cells with a polynucleosis of 90 per cent persisted. The gene^r j c^' 
dition of the patient gradually deteriorated, and the only physical si«n obtainab 
after operation was persistent marked tenderness over t e ner. 

Three weeks after admission, aspiration of the liver was P^^ ^ 

organisms were obtained, and culture was negative On the same S 

the aspiration, the patient had a severe shaking c i an a ns meningeal 

.0 10, F, Shortly 

irritation; a spinal tap was performed, cloudy Hui g ..hp 

4.000 cells and 76 per cent polymorphonuclear cells ; smear and ^ 

latter were negative. Daily examination of both ears revealed no 

sepsis and the meningeal signs remained unchanged, and the 

improved; about eight days later the latter was clear and contained ^2 celh. 
The next day a thick discharge developed from the nght ear; the ^ 

fiat anteriorly, and only a small amount of fairly thick discharge uas prese t 

in the inferio; sulcus; smear and culture of this pus revealed a pneumococcus 
type III. A roentgenogram of the mastoids was negative. 

Two days after the ear began to discharge, a spinal tap was again taken and 
revealed a cloudy fluid with 2,500 cells, 78 per cent of which were P°b-morphonu- 
clear cells. A tLminal bronchopneumonia preceded death about forty-eight hours 
later. 

Postmortem examination revealed: chronic purulent osteomyelitis of the petrous 
portion of the temporal bone (right) with bone abscess, acute purulent basilar 
meningitis, carbuncle of the left suprarenal with suppuration of the posterior wal 
of the lesser sac and phlebitis of the splenic vein, thrombophlebitis of the po 
vein with phlegmonous suppuration of the liver, bronchopneumonia of both lower 
lobes of the lungs, acute purulent bronchitis, parenchymatous degeneration of the 
viscera, acute congestion of the lungs and the liver, atherosclerosis with calcifica- 
tion of the aorta, hypertrophy of the left ventricle of the heart, and cysts of the 
kidneys. 

The notes of the case are clehcicnt in very valnaljie and pertinmit 
hacteriologic data. Xevertlieless. it seems evident that this entire 
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clinical cniily is a hematogenous general infection with undemonsfrable 
laeteicmia in winch metastatic foci were present in the suprarenal gland 
(a carbuncle) and in die petrous portion of the temporal bone. This 
opinion IS concurred in by the otologic department at Mount Sinai 
Hospital (Fnesner), and by the medical department (Dr. Baehr). 

J here is a marked clinical similarity between disease of the pyramid 
and of the sphenoid bone. Both of these lie in the same anatomic posi- 
tion with reference to the base of the skull and the adjoining intracranial 
structures. Perforations occur in the pyramid as well as in the sphenoid, 
and there is the same predilection for extradural abscess and meningitis; 
brain abscess also occurs. A characteristic symptom complex for pyra- 
mid disease is Gradenigo’s syndrome — involvement of the gasserian 
ganglion and of the abducent nerve ; but as the syndrome has been 
found to occur without bone change, the connection is not absolute. 

The intimate associations between the petrous pyramid and the 
sphenoid bone is well illustrated in the case reported by Gelanze;''" 

In this patient there was a ten years’ history of a chronic otorrhea and chronic 
otitis media which followed an influenza. The present recrudescence began two 
months before admission with pain, fever, increased discharge, considerable retro- 
auricular swelling and the physical signs of meningitis, including turbid lumbar 
fluid. A mastoid operation was done, and following this the manifestations 
diminished. 

One week before death the symptoms reappeared with increased meningeal 
signs. The local mastoid wound and the middle ear were not in satisfactory shape 
(fungous granulations, cholesteatomas), and there was necrotic and sequestrating 
bone. The symptoms increased, and facial paralysis developed. There was a 
sudden aggravation of symptoms followed by death. 

The postmortem anatomic diagnosis was seropurulent meningitis of the left 
temporal and cerebellar fossa ; necrosis of the petrous bone, the sphenoid bone 
and the sella turcica, with perihypophysitis. 


On careful study of this case, I agree with Gelanze that the 
infectious process, produced by germs of considerable virulence with a 
marked necrotizing power, had in the first place attacked the luenmgc.s 
through the tegmen antri, giving rise to meningitis which was prompt y 
circumscribed by the local reaction. In spite of the rather extensive 
mastoid evacuation at the first operation, the osteomyelitic process 
became promptly propagated to the perilabynnthine ce s ^ 

labyrinth itself, thus permitting the germs again to attac ' le ct 
fossa by way of the saccus endolymphaticus and to give rise ‘ 
meningitic process. At the same time, in spite 
tion and the complete petrotympanic evacuation, the - 

myelitic process rapidly advanced -ward the pet-s 
only two days resulted in sequestration of the ci 

C: Valsalva 6:86, 1930. 
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followed by ])araly.sif: of the facial nerve; the entire acoiistico-vestibular 
nerve bundles underwent necrosis. On reaching the extreme mesial 
limit of the jtetrous bone, the osteomyelitis by way of the periosteal 
vessels and lymjdiatics next attacked the body of the sphenoid bone and 
became diflused to the sella turcica, giving ri.se by its vicinity to a peri- 
bypophysitis which remained without evident clinical symptoms. The 
extension of the necrotic ]rrocess and the considerable absorption of 
die toxic substances ]rroduced in large amounts in the infectious focus 
were the principal causes of the ])aticnt’s death. 

I have been able to find the following additional cases of osteo- 
myelitis of the skull of otologic origin reported by various authors 
in the literature ; 

Hunter Torni.'’’'^ — A 53 year old woman bad middle ear and mastoid disease; 
during mastoidectomj', an area of osteomyelitis was exposed behind the mastoid 
extending into the occipital hone as large as the palm of one’s hand. There was 
secondar 3 ’ spontaneous sequestration of necrotic bone from the occipital area, 
hater recrudescence of symptoms occurred over the parietal bone with operative 
I'evision of the wounds and new areas. There was a period of partial remission 
with recrudescence of symptoms. The patient’s condition followed a gradual down- 
ward course until death. Postmortem examination showed the typical wormeaten 
appearance of the crania! bones with areas where the bone was absent (sequestrated 
areas). 

Harrison.®” — A 25 year old man had middle ear and mastoid disease; radical 
Piastoidectomy was followed by septic tj’pe of temperature. On revision of the 
wound thrombophlebitis of the lateral sinus was found. The symptoms continued. 
There were subperiosteal abscess over the squamous portion of the temporal bone, 
spontaneous sequestration and numerous abscesses under the scalp. The patient 
Was operated on twenty times, with recovery. 

Grunwald."® — A 63 year old man had middle ear and mastoid disease; at 
tnastoidectomy, no pus was found, but the cells contained granulations. Later, an 
abscess in the posterior triangle of the neck was incised and drained. There was 
retention of pus. On revision bare hone was felt in the occipital region. Secondary 
revision was done with removal of the occipital bone as far as the inferior nucha! 
bne, the seat of a necrotizing osteomyelitis. 

Pratt.7i_A boy of 5 years had a purulent middle ear disease ; the mastoid was 
explored because of stiffness of the neck and a turbid spinal fluid containing 
hemolytic streptococci. Revision was done because the patient’s condition did not 
iniprove. The intracranial contents were e.xplored at this time with negative 
results. The patient died. Postmortem examination showed necrosis of the 
anterosuperior part of the petrous pyramid, and meningitis. 

Eagleton.-is — The patient suffered from alcoholic periodic insanity. There was 
infection of the upper respiratory tract with severe pain in the head ; on the 
oilowing day a stiff neck and pain in both ears developed. There was bogginess 

68. Todd, quoted by Luc (footnote 5). 

69. Harrison: J, Laryng., Rhin. & Otol. 27:628, 1912. 

70. Grumvald : Ztsebr. f. Hals-, Nasen- u. Ohrenh. 2:139. 1922. 

7l- Pratt. E. L. : Laryngoscope 38:409 (June) 1928. 
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Z ' » ““<*>■. >'«l was delirious 

cnL7 r ' ■ J showed diplo- 

■ • e right mastoid was explored, showing an abscess in the suboccipita! 
region froni suppurative osteomyelitis of the occipital bone and pus in the r!ght 

Deatroccut«!'"‘"”''‘‘''" streptococcus. 

Postmortem examination siiowed; suppuration of the spiienoid sinus; occipital 
edema; superficial abscess below the mastoid; deep abscess in relation to the 
upper four cervical vertebrae; purulent thrombophlebitis of tlie right lateral sinus 
extending to the torcular and into the jugular veins, involving the right superior 
and inferior petrosal, cavernous and anterior and posterior circular veins. The 
left cavernous sinus and the superior longitudinal sinus were also involved. Other 
fiudiugs were iJicrdeiital to the general infection in the viscera. 

Eagleton,"''* — T he patient had a left chronic otitis media with acute exacerbation, 
accompanied with chills and fever (107 F.). Mastoidectomy revealed sclerosed 
bone and thrombophlebitis of the lateral sinus. Blood culture was negative. The 
septic type of temperature continued followed by operation on the jugular bulb , 
(Grunert’s operation) ; there was no bleeding from tlie inferior petrosa! sinus. A 
blood transfusion was done. A second blood culture was ' hegative. Lumbar 
puncture revealed the fluid under slight pressure, with a cell count of 28; the 
globulin was slightly increased ; Fehling’s solution was reduced- No organisms 
\vere present. The symptoms continued, and death occurred. 

Postmortem examination showed marked jaundice, a small extradural abscess 
of the posterior surface of the left petrous bone, with a local area of necrosis near 
the posterior semicircular canal, the dura being separated from the bone; a 
suppurating jugular bulb and pus in the left lateral sinus extending to the torcular 
vein ; thrombosis of the left superior and inferior petrosal veins ; right cavernous 
sinus thrombosis, and thrombosis of the basilar plexus and anterior spinal veins 
passing through the foramen magnum, 

ROENTGENOGRAPHIC EVIDENCE IN OSTEOMYELITIS 
OF THE SKULL 

Roentgenographic evidence of osteomyelitis of the skidl, Avhen once 
the lesion is established, is generally similar for all classes and varieties 
of cases no matter what the etiology or pathogenesis, i his, as is gen- 
erally true in ail cases of osteomyelitis, is not available at the beginning 
of the development of the lesion but appears relatively late. The e\i 
dence is available under two conditions; 

(1) . In localized forms of disease. This is especially well demon- 
strable in the osteomyelitis that accompanies frontal sinus disease, and 
takes the form of well demarcated sequestrations. 

(2) . In the diffuse variety. There is a characteristic inotlieateii 

mnearance of the bones of the skull. 

Roeiitgenograpbic evidence is especially 

legions in the vanlt. Lesions .at the hie 

what their roentgenograplnc ,'>'”1’'™'“®' ,|,is rea.nn well 

at all or are detnonsttable tv„h «.rejn= d « > ■) • „„ 

demarcated lesions which occasional!} occi 

recognizable* 
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Associated and indirect roentgenographic evidence of osteom)’elitis 
of the skull is available only in the class of lesion associated with nasal 
accessory sinus disease, and is produced by the sinusitis per se. 

According to Pf abler,'- the roentgenologic signs of deep perisinusitis 
or changes incident to chronic ethmoid-sphenoid sinusitis consist in a 
cloudiness with a vague shading off of the anatomic details, thickening 
of the posterior and lateral wall of the sphenoid and ethmoid sinuses 
and an area of increased density which indicates osteitis of the sur- 
rounding bone. 

This perisinusitis commonly extends into the middle fossa of the 
skull, but ma)' involve also the petrous and mastoid portions of the 
temporal bones and even tire posterior fossa. In some cases it is general 
and involves the base of the skull, but in others is confined to the side 
in which there is a deep sinusitis. Therefore, the conclusion may be 
drawn that it is an extension of the inflammation directly from the 
affected sinus. Pfahler suggests that an effect on the sella turcica 
resulting from an extension of the inflammatorr' process may account 
for unexplained anomalies that have been observed by roentgenologists 
for many years. 

OCCURRENCE OF GENERAL INFECTION IN OSTEO- 
MYELITIS OF THE SKULL 

Cases with clinical signs of a general infection can be found in 
each of the pathologic and clinical groups outlined in this paper as 
follows : 

{a) As the original general infection to which the skull lesion is a 
metastatic lesion. 

(&) As a result of a primary infection of the bone tissue of the 
skull in civil or military injuries. 

(c) As a secondary phenomenon in extension cases of osteomyelitis 
of the skull. 

(d) Accompamdng intracranial complications, especially meningitis 
and sinus thrombosis. 

The number of cases in which positive blood cultivations are obtained 
are relatively few considering the total number of cases of osteomyelitis 
of the skull that have occurred, but are relatively large when intracranial 
complications are preseirt. Even in these cases, however, the numbers 
of positive blood cultivations are not as numerous as one might suppose, 
and in the cases from Mount Sinai Hospital a positive blood culture 
was secured in one case only. 

/2. Pfahler, G. E. ; Roentgenologic Signs Which Indicate Extension of 
Infection from the Ethmoid and Sphenoid Sinuses to the Base of tite Skull. .•\rch. 
Otolarr-ng. 8:638 (Dec.) 1928. 
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Cn tile other hand, the numbers of cases in which there are 
undoulited chmcai evidences of a general infection of the body, but 
in \Niuch the blood cultivations remain sterile, are relatively large, both 
in uncomplicated and in complicated osteomyelitis of the skull Fatalities 
are very common in this group both because of the progressive nature 
of the local lesion and the occurrence of intracranial complications, as 
a consequence of the devastating effects of both of these two elements, 
and because of the general infection as evidenced by distant metastases. 


COMPLICATIONS 

In cases of general blood infection (sepsis, septicemia, etc.), meta- 
static lesions are found post mortem in the various organs of the body; 
the}' are especially common in the kidneys, the liver and the lungs. I 
have encountered no mention of an endocardial lesion in cases of gen- 
eral infection of this kind (i. e., cranial osteomyelitis) in the literature. 
'As was mentioned previously, the relatively uncommon occurrence of 
a general infection makes the finding of such metastatic lesions an 
equally infrequent one in clinical practice. Metastatic lesions such as 
these (i. e., in the kidney, liver, lungs) give no dominating picture and 
are commonly lost in the general symptomatology, both subjective and 
objective, of the clinical picture. 

Cases of osteomyelitis of the skull, no matter what the provocative 
etiology is, are likely to be complicated by similar conditions, once they 
are fully developed ; this is especially true when the infection has reached 
into the diploic venous system. Localized abscess formation is a rela-. 
tively common complication. 


TYPES OF ABSCESSES AND COMPLICATIONS 
Smgle or Multiple Abscess.— Thtst abscesses are subperiosteal (sub- 
epicranial). At first confined below the epicranium, they quickly cause 
a dissolution of this membrane, after which they spread m the su - 
cutaneous tissues of the scalp. In cases of multiple abscess there may 
be appreciable separating distances between the various localizations. 

This variety of abscess is relatively uncommon in traumatic primary 
cases of osteomyelitis of the skull. It is very common in 
cases and in extension cases derived from disease of t le nasa ac 

lr:;.-This abscess |s 
complete discussion is reserved for the secnu 

complications. 
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In the individual clinical and pathologico-anatomic groupings out- 
lined in this communication, other forms of localized abscess formation 
appear. They are as follows : 

Orbital Abscess and Phlegmon. — These abscesses are apparently 
more common than the intracranial complications which they frequently 
precede. There seems little doubt that the majority of intra-orbital 
infiammator}' conditions owe their origin to nasal accessory sinus dis- 
ease, and in most of these the essential intervening link is osteomr-e- 
litis. The complication occurs most commonly in diseases of the ethmoid 
and the frontal sinuses as a direct complication, and in roundabout ways 
(i. e., b}' wa}’’ of a thrombophlebitis in the vascular channels, especially 
in the ophthalmic veins) in cases of sphenoid sinus disease. Orbital 
abscess does not occur in the otologic cases. 

Birch-Hirschfeld’s experience is that 60 per cent of orbital inflam- 
matory conditions are due to nasal accessory sinus disease. Kuhnt 
thinks this percentage is too low. 

The mechanism is as follows : 

(a) By perforation through the bony wall. This is especially com- 
mon in diseases of the frontal and ethmoid sinuses. 

(b) By direct extension of the process through some natural open- 
ing — optic foramen, superior orbital fissure, etc. 

The autopsy on a patient of Leegaards showed pus in the sphenoidal 
sinus, in the orbit, around the first branch of the trigeminal and around 
the chiasm. 

(c) By thrombosis of the ophthalmic veins. An illustrative case is 
the following: 

The autopsy in Vail’s case showed : chronic sphenoidal suppura- 
tion (right), necrosis of the orbital wall of the sphenoid, orbital 
phlegmon and suppurative phlebitis of the ophthalmic vein, the cavern- 
ous sinus, etc. 

Additional forms of localized abscess formation occur in the cases 
of osteomyelitis derived from sphenoid sinus disease. 

Abscess in the Roof of the Nasopharynx. — This abscess is a variety 
of, and a frequent predecessor of. frank retropharyngeal abscess. As 
pointed out previously, this can be palpated in the roof and in the 
posterior wall of the nasophar3'nx. 

Abscess in the Ptcrygonw.rillary Fossa. — These abscesses most com- 
monly develop as a result of suppurative conditions in the base of the 
i^kull associated with sphenoidal disease, and are usually associated with 

73. Bircb-Hirschfeld, .\.: Vers, deutscb Xaturf. u. .Acrzte 9:17, 190S. 

74. i.eepaards; .\cta oto-laryng. 1:343, 1918. 

75. \ ail ; Laryngoscope 29:263, 1919. 
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thrombophlebitis of the veins coming from the cavernous sinus and 
passing into the superior nasopharynx. 

Abscess in Hie StylomaxUlary F ossa.—^his abscess is a subvariety 
o pterygomaxillary abscess, and is especially common in those cases of 
splieiioid sinus disease in which a tonsillitis or a tonsillectomy has pre- 
cipitated the clinical picture. The path of infection lies in the venous 

plexus of the carotid canal. The abscess may point in the neck below the 
angle of the jaw. 

Suhpei iosteal Abscess in the General Region of the Superior Aspect 
of the Sphcno-Basiocciput. — This type is specifically mentioned as a 
variety of extradural abscess which occurs with osteomyelitis of the 
skull derived almost exclusively from sphenoid sinus disease, and in 
relatively rare instances from an osteomyelitis of the apex of the petrous 
pyramid. It is the intervening link between bone disease in these locali- 
ties and other intracranial complications (meningitis, venous sinus 
thrombosis, etc.), which will be discussed subsequently. 

Intracranial Complications. — Osteomyelitis of the skull is especially 
noted for the occurrence of intracranial complications. In the twenty- 
nine cases of osteomyelitis of the skull compiled by Gerber, there 
developed : 


Pachymeningitis 
E.Mtradural abscess 
Intradural abscess 
Thrombophlebitis 
Cerebral abscess 
Meningitis 

Meningo-encephalitis (one septic) 


4 times 
11 times 

1 time 

5 times 
4 times 
9 times 
3 times 


In 1895, Kuhnt,^® in his work on the frontal sinus, collected seven- 
teen cases of intracranial complication associated with suppuration in 
that cavity. In twelve of these the frontal sinus only was diseased, 
while in the remaining five there was associated suppuration in other 
accessory cavities. Dreyfuss. in his monograph published m IbJO, 
reported nineteen cases of a like nature following fronta sinus sip 
puration. The latter, however, are not to be regarded as h^i^ 
additional to those reported by Kuhnt.^® Killian, m ns . 

frontal sinus in Heymann’s “Handbuch der Laryngolo^e, 

1900. brings the total number of cases not 

number forty-two, 

-7^,. Herman. U.b.r die en.eiindliC.en Erfranbaneen <ler .Sornbol.ba. 
Wiesbaden, J. F. Bergmann, 1895. 
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. According to Turner,"® the postmortem evidence of intracranial 
infection is somewhat meager. Newton Pitt,"" who gives an anatysis 
of 9,000 autopsies, found only one case of cerebral abscess due to nasal 
suppuration; the patient had had nasal polypi and ethmoid disease. 
Gowers considers that chronic nasal disease is an occasional but rare 
cause of cerebral abscess. He stated that in 240 instances of brain 
abscess, the nose was the primary seat of infection in six, but the sinuses 
implicated are not specified. Treitel'® found in 6,000 postmortem 
examinations three cases in which the intracranial mischief had its origin 
in the nose, namely, two of cerebral abscess and one with purulent 
meningitis. Wertheim had access to the records of 10,394 autopsies ; 
among these were 127 cases of endocranial suppuration. Fourteen were 
stated to be of nasal origin, but in six onty was the exact mode of infec- 
tion specified. In only three of these, again, was the frontal sinus the 
probable primary source of the complication. 

This was the status in 1905, when Turner published his paper. 
Since then a good man}" observations have been published, and the 
experiences of men like Eagleton have been particularly valuable. As 
a matter of fact, most of these observations are published because of the 
intracranial complications, and a considerable literature dealing with the 
latter has grown. One obtains the impression that intracranial complica- 
tions occur most commonly with osteomyelitis of the skull derived from 
sphenoid sinus disease ; the same situation exists with cases of osteo- 
myelitis in the petrous pyramid, except for the great rarity of cases 
arising from this source. As a matter of fact, one might almost say 
that osteomyelitis of the spheno-basiocciput or of the petrous pyramid 
is so anatomically situated as to almost compel, if not invite, intra- 
cranial complications. Cases derived from foci of infection in the 
frontal or ethmoid groups of nasal accessory sinuses do not so readily 
lend themselves to the occurrence of intracranial complications ; this is 
also due to anatomic considerations associated with the vault of the skull 
as opposed to the more intimate relationships at the base; but even 
here, when once the slowness of development, characteristic of many 
of the cases of. cranial osteomyelitis derived from the frontal and 
ethmoid groups of sinuses, is lost, and the rapidly developing diffuse 
form of osteomyelitis is present, disparity of any kind between these two 
clinical groups disappears. 

There are some differences of opinion as to the relative frequency 
with which intracranial complications occur in the group of cases of 
osteomyelitis of the skull associated with nasal accessory sinus disease 

77. Pitt. Xewton: Brit. M. J. 1:643. 1930. 

78. Gowers. \V. R, : A Manual oi Diseases of the Xervous Svstem. cfl. 2, 
I.omlon. T. & A. Churchill. 1892. 

79. Treitel, I,.; Berl. klin. WchiTichr.. 1896. no, 51, 
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I I'"l' lilat some confusion exists in that it is not clearly stated whether 
individual ojimions refer to “nasal accessory disease” or to the 
cranial osteomyelitis" which complicates the latter. I an, inclined to 
agree with Burger that the majority of endocranial complications after 
iiasca accessory sinus disease occur through the mediation of an osteitis 
ot the bones housing the sinuses and of their continuations into the 
neighboring flat cranial bones. According to Burger,-® this is based on 
operative and autopsy experience. Dreyfuss found this status in 
twelve of nineteen cases in relation to the frontal sinus. Gerbei-'’' is 
outspoken in his belief that almost every endocranial complication 
has its origin in infection of the bony wall. 


Mechanism of Development: The mechanism for the development 
of the intracranial complications of osteomyelitis of the skull is almost 
purely a vascular one, and the infection is transmitted along the venous 
channels; 


There are two main vascular channels. 

(a) The transmission of the infection occurs through the anasto- 
moses between the veins of the diploe and the veins of the dura. Accord- 
ing to Gray; 


These vessels communicate, in the interior of the cranium, with tlic meningeal 
veins and with the sinuses of the dura mater, and on the exterior of the skull 
with the veins of the pericranium and of the scalp. They are divided info tiic 
frontal, which opens into the supra-orbital vein by an aperture in the supra-orbital 
notch; the anterior temporal, which is confined chiefly to the frontal hone, and 
opens into one of the deep temporal veins, after escaping by an aperture in the 
great wing of the sphenoid ; the posterior temporal, which is confined to tiic 
l^arietal bone, and terminates in the lateral sinus by an aperture at the posterior 
inferior angle of the parietal bone; and the occipital, the largest of the four, which 
is confined to the occipital bone, and opens either into the occipital vein or 
internally into the lateral sinus or torcular Herophili. 


(l>) By way of the emissary veins. According to Gray: 

The emissary veins are vessels which pass through apertures in the cranial 
wall and establish communications between the sinuses inside the skull an t ic 
veins external to it. Some of these are always present, others only occa.s.onally 
so. They vary much in size in different individuals. The principal emissary sun.- 
are the following: (a) A vein, almost always present which passes throng i je 
mastoid foramen and connects the lateral sinus with the posterior aunen . 
with an occipital vein, (fi) A vein which passes through 

connects the superior longitudinal sinus with the seins ° .„„i 

ple.xus of minute veins which pass through the anterior > ■ 

connect the occipital sinus with the 'J,'" pLtcrbr coiidvioid lornimn 

fcf) An inconstant vein winch passes fhroUoJ I j 

clnect, the lateral sinus ivi.h the deep veins of .lie n.el- (el (5- 

"lySi^^fussi Sammelreferat, Zlschr. t. Olireolt, OTS. vol. IWi 'li''""l 

Turner; Edinburgh M. }■ 17:231, 1905. 
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small veins which pass through the foramen lacerum medium and connect the 
cavernous sinus with the pterygoid and pharyngeal plexuses. (/) Two or three 
small veins which pass through the foramen lacerum medicum and connect the 
cavernous sinus with the pterygoid and pharyngeal plexuses, (g) There is some- 
times a small vein passing through the foramen of Vesalius connecting the same 
parts, (/i) A plexus of veins passing through the carotid canal and connecting 
the cavernous sinus with the internal jugular vein. 

Besides these two main groups of channels, others are present as, for instance, 
the communication of the angular and supra-orbital veins with the ophthalmic veins 
at the inner angle of the orbit. 

The various forms of extradural abscess are commonly infections 
by contiguity. The various forms of arachnoiditis, meningitis and 
venous sinus thromboses occur because of their contiguity to an inflam- 
matory focus in the bone plus the extension of a thrombotic process 
along the vascular channels indicated. 

Brain abscess is particularly prone to be a lymphatic condition. 
Perivascular lymphatics are especially found in connection with the 
vessels of the brain. The latter are enclosed in a sheath, which acts 
as a lymphatic channel, through which lymph is carried into the sub- 
arachnoid and subdural spaces and from which it is returned to the gen- 
eral circulation. 

According to Bulson,-” the infection may be borne directly by the 
blood stream, or travel along the outside of the vessels as they pass 
through the bone. 

Development and Clinical Course: The development of the intra- 
cranial complications and the clinical course of the development of the 
latter have in most of the instances followed a fairly definite order. 

Infection of the Skull. The first stage is comprised of the infection 
of the skull and of the development of the localized or, more commonly, 
dilfuse form of the osteomyelitis with or without abscess formation 
under the scalp. In some of the cases the Isone lesion is localized at the 
time the intracranial complication appears; in others, the osteitis has 
become diffuse; in ver}^ rare instances little or insignificant changes 
can be discerned in the bone. Luc was able to find twenty-five cases 
in which the intracranial lesion appeared while the osteitis was confined 
to the frontal bone. 

Extradural Abscess. The second stage is marked by the occurrence 
of an external pachymeningitis. This occurs Iw contiguity and con- 
tinuity of structure ; or the transmission occurs through the vascular 
channels or through minute openings in the lione. The extradural infec- 
tion may be at some little distance from the location of the lesion in 
the bone. /\bscess formation is the rule. When small, the symptom- 
atology' is lost in the general clinical picture. When the ah.scess is 
sufficiently large, signs of intracranial compression become evident. The 
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Sliould the extradural abscess 


communicate with the outside of the 


cranmni through a spontaneous or operatively produced opening, and 
Uc diainage be sufficient, the physical evidences of the lesion consist 
in the fungmus appearance of the exposed dura mater. In the absence 
o any diainage, or in the presence of hisufficient drainage, the process 
almost regularly goes on to the next stage. 

I he third stage is a progression of the second, and according to 
most of the observers is produced fairly rapidly. A subdural infection 
occurs, and arachnoiditis and meningitis result. 

Ai achnoiditis ; Meningitis. A serous meningitis is temporary and 
most commonl}' only precedes a more alarming condition, or less com- 
monlj' disappears spontaueousl)' and fairly rapidly. The symptomatol- 
ogy is exactly like that of other well established forms of meningitis; 
the laboratoiy findings differ in the important item that no organisms 
arc demonstrable in the spinal fluid. 

I rue arachnoiditis and meningitis in which organisms are demon- 
strable in the available exudate ma}' develop directly underneath the 
area of osteitis or at a distance from it; the condition may he localized 
or may spread with ra])idity over the entire brain. Luc says one variety 
remains localized and does not show any tendency to diffusion, and that 
in these cases good results may be obtained from an early and efficiently 
performed operation. 

In the further spread of the infection beyond the three stages out- 
lined, the process st^reads to the brain and to the large venous sinuses. 

Brain Abscess. Brain al)sccss is a common secondary complication 
in the fatal cases of this disease reported in the literature. The lesion 
is essentially similar to brain abscesses of other etiology. The abscess 
may be so small during the initial stage that it cannot be found on 
exploratory puncture, while in other cases it may occupy a laige part 
of the lobe and may even c.xtcnd behind it. The pus may be cicamy 
or serous 3^elIowish, green or brown, as in brain abscess of other etiol 
ogy; an encapsulating membrane is sometimes present. These abscesses 
inay be independent of any oi)cration, and may result from the progres- 
sive extension of the infection and of the resulting lesions to the cere- 
bral parenchyma. In some cases a previous traumatism of the cranium 
plays a part in the genesis of both the sinusitis and the mtracrnmal 

infection. _ . irmnn's 

- 
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extended either into the arachnoid space or into ventricles. Ropke 
reported two cases in which the abscess ruptured into the ventricle. 
These are necessarily fatal accidents. In cases of unilateral frontal 
sinusitis, if an abscess of the brain forms, it invariably occurs in the 
frontal lobe of the corresponding side. When such an abscess occurs 
spontaneousty, it develops secondarily to extradural suppuration which 
is secondary to a perforation or a necrotic osteitis of the deep wall of 
the sinus. 

Fever is the principal S3'mptom of intracranial infection, and there 
are the usual secondary symptoms of loss of appetite, loss of weight 
and pallor. The fever is not usually ver\^ high. 

Later, there are symptoms of intracranial compression. There is 
headache accompanied by tenderness of the region on pressure or on 
percussion. The headache may be lacking in exceptional cases, while 
in others it may be extremel}' severe. It is usually in the frontal region. 
The patient may have alimentary or bilious vomiting, and vertigo may 
occur. One of the most characteristic symptoms is slowness of the 
pulse. There may be modifications of the pupil, such as papillarj^ stasis 
or atrophy of the retina. Choked disk — papillitis, neuroretinitis — are 
common. There are intellectual disorders, consisting of apathy and 
indifference. Owing to this semi-unconsciousness, many patients have 
incontinence of urine and feces. Delirium has been reported. It is 
usually mild, but in some cases there is restlessness, and the patient ma}' 
attempt to rise from his bed. Unless an operation is performed within 
a reasonable time, coma appears and is fatal. Tonic and clonic con- 
vulsions are rare. There may be an increase in the intracranial pressure 
with spontaneous opening of the abscess into the ventricle or on the 
surface of the brain. 

In other groups of S3miptoms, there ma3^ be clonic spasms on the 
side of the body opposite to the lesion in the brain. Aphasia has been 
noted in onl3’^ a few cases. However, focal neurologic signs of sufficient 
clarit3' to indicate definiteh' well localized brain areas are relativeh* 
uncommon with this group of cases. The abscess ma3’’ also remain latent, 
and hence the diagnosis is often extremely difficult. Punctures may 
give negative results. 

Abscess of the brain is very rare in the cases of sphenoidal disease. 
Kramer had one such case and said that there is only one other such 
case in the literature. I am indebted to him for an abstract of the notes ; 

A 13 year old girl, after a "cold” in the head, developed headache, nausea, 
vomiting, weakness, pallor and impaired vision. Pj-uria and hematuria were 
present, and the sphenoid focus was found while the cause of the renal complication 
was being looked for. The patient died. Postmortem e.xamination showed : 
purulent splicnoiditis, basilar meningitis and a tremendous abscess in the right 
frontal lobe. The pathway of infection was through a perforation in the roof 
of the right sphenoid, through the dura and into the right frontal lobe. 
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imracranial Venous Sinus Thrombosis. A review of the literature 
nahes it apparent, and only a moment’s consideration will drive this 
home to every one, that the proportionate relationship of thrombosis or 
irombophlebitis of the venous sinuses to osteomyelitis of the skull 
secondary to nasal accessory sinusitis, especially of the frontal and 
sphenoid sinuses, is exactly like that existing between thrombosis or 
thrombophlebitis of the lateral sinus and middle ear and mastoid dis- 
ease. ^ TJie similarity, therefore, extends in other particulars-patho- 
genesis, mechanism, clinical course, etc. 

Thrombosis of the Superior Longitudinal Sinus. Five cases of 
thrombosis of the superior longitudinal sinus complicating osteomyelitis 
of the skull were listed by Killian in 1900. In 1909, Gerber also listed 
five cases, and in the same year Luc was able to collect fifteen cases. 
Cases were reported by Frankel,®- Macewen-lililler,®® Knapp, Roth 
and others. In 1914, Eckstein collected fourteen cases of superior 
longitudinal sinus thrombosis complicating nasal accessory sinus dis- 
ease, but an osteomyelitis was present in only six of these. Since then 
every year sees the reports of a few cases, usually about five or six a 
year. It seems, therefore, that longitudinal sinus thrombosis is not 
as infrequent as is commonly supposed, and that in any- case in which 
osteom^relitis complicates the nasal accessory sinus disease, thrombosis 
is to be looked for ; unfortunately, from the experience in the literature, 
the search will result successfully in a large percentage of the cases, 
especially as knowledge of the frequency of this complication is spread 
among the medical profession. 

Thrombosis of the superior longitudinal sinus occurs most frequently 
with osteomyelitis of the frontal bone and of the skull associated with 
frontal and froiito-ethmoidal sinus disease. Sometimes it is found in 
association with other thromboses. 

There are three distinct mechanisms by which this complication 

occurs primarily: 

(1) By contact because of contiguity of structure. The superior 
longitudinal sinus abuts on, and is closely related to, both frontal 
sinuses; its anterior narrow portion reaches up to the foramen cecum. 

(2) Moi-e important, the direct vascular connection between certain 

segments of the mucosa of the frontal sinuses and of the superior longi- 
tudinal sinus. . . , • 

The venous circulation and the venous inflow into the superior g - 

tndinal sinus is, according to Gray, as follows : 

Into the superior longi.otlinol sinus .he efhmoidal veins 
ntneosn of the froolnl sinuses and from ll.e lateral and ntedtal r.pon of .I.e 

S2. Frankel, quoted by Luc (footnote 5). 

81 Macewen-Miller, quoted by Luc (footnote o). 

84. Roth, quoted by Luc J 9 J 4 . 

85. Eckstein: J. Laryng., Rh.n. & Otol. 27.-/., 
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mucosa empty. Another vein originating from the antero-lateral portion of the 
nasal mucosa and accompanying a branch of the anterior ethmoid artery passes 
through the lamina cribrosa; here it either empties into the venous plexus of the 
olfactory tract or it empties directly into a large vein of the orbital lobe of the brain 
which in its turn empties into the superior longitudinal sinus. From the frontal 
bone the venous blood reaches the superior longitudinal sinus through the 
frontal diploe which anastomose with the frontal vein. The superior longitudinal 
sinus receives the venous blood of all superficial veins of the hemisphere; also a 
few veins of the dura mater empty into it ; finally it must be mentioned that in 
the parietal bone there is present an opening through which the superior longitu- 
dinal sinus anastomoses with the veins of the parietal region by way of the 
parietal emissary veins. As seen from the above, a rather extensive vascular 
system is connected with the superior longitudinal sinus. The phlebitis from the 
sinus may extend to all these veins and may give rise to many complex disease 
pictures. 

If the anterior end of the superior longitudinal sinus is injected, numerous fine 
bony venules together with the mucous membrane lining certain regions of the 
frontal sinuses are filled with the injected substance. 

In the cases of this nature which have been described in the litera- 
ture, it has been pointed out that the character of such frontal sinusitis 
is more or less peculiar, being based on a very virulent infection, as a 
result of which an involvement of the superior longitudinal sinus takes 
place. This type of sinusitis was designated as “sinusitis exulcerans 
atque abscendens.” 

(3) By the spreading of a thrombosis or thrombophlebitis from a 
communicating venous sinus. There are numerous examples of this. 

(4) By contact with a secondary complication, usually a discrete 
extradural abscess, separated and at a distance from the region of the 
frontal sinuses. 

Thrombophlebitis of the superior longitudinal sinus gives rise- to a 
group of characteristic secondary pathologico-anatomic changes. In 
most of Luc’s ^ cases pus was found at autopsy in the superior longi- 
tudinal sinus, and in only one of his five cases the phlebitis extended 
to the transverse sinus. Intradural changes coexist in practically every 
case and usualty lead to death. Ther' have the character of circum- 
scribed, unilateral or bilateral suppurative meningitides of the convexity 
of the brain. There may occur a formation of symmetrically situated 
inflammatory foci in the frontal lobes. 

-■\ccording to Killian and other observers, the symptomatology of 
thrombophlebitis of the superior longitudinal sinus is quite variable. In 
most of the cases the disease under consideration does not give rise to 
severe intracranial symptoms prior to the appearance of the meningitis. 
In some cases meningitic symptoms are apt to appear several days 
before death. In some of the reported cases severe symptoms were 
present for only a few days, because the course of the disease was very 
short. .Although an inflammation of the superior longitudinal sinus 
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gives use to severe intracranial symptoms, the complex is not always 
symptomatm. In most of .the cases of this type there may be found 
tenderness m the region of the parietal bones. 

My own experience with this lesion is small Thrombophlebitis of 
tie superior longitudinal sinus does not appear to have been diao-- 
iiosed up to the present time in cases of frontal sinusitis. Signs of tlds 
special localization are found only with difficulty. From the point of 
view of a focal neurologic lesion, thrombosis of the superior longitudinal 
sinus may be suspected when there is a tendency to, or a well established 
bilateral rigidity of, the extremities, confined to the lower or upper 
extremities alone, or existing in all four. 

Luc believes that the presence of this thrombophlebitis should be 
considered in cases of pyemia coinciding with an extension of the osteo- 
myelitis to the vertex. I believe this to be a good clinical point as these 
venous thromboses are associated with general infections, though, curi- 
ously enough, positive blood cultures are rather uncommon with isolated 
thrombosis of the superior longitudinal sinus. 

At the present writing, the complication is hopeless from a thera- 
peutic point of view. Unsuccessful attempts have been made to open 
and drain the sinus. 

Cavernous Sinus Thrombosis. Thrombosis of ^be cavernous sinus 
is less frequently encountered than thrombosis of the superior longitu- 
dinal sinus. The recent literature contains case reports by Faulkner, 
Fotiade and Antonesco,®^ Guerra,®® Quincy,®® Todd,®® Kramer^' and 
others. The impression is given that this variety of intracranial sinus 
thrombophlebitis is also somewhat more frequent than is generally 


supposed. 

Thi'ombosis of the cavernous sinus occurs with especial frequency in 
osteom 3 ^elitis of the sphenobasiocciput after sphenoid disease ; such bone 
disease in the base of the skull is almost invariably associated with 
thrombosis or thrombophlebitis of the cavernous sinus. As a secondary 
involvement, caveimous sinus thrombosis is frequently mentioned in 
association with other thromboses of the intracranial venous sinuse.s. 
especially of the superior longitudinal sinus. 

The mechanism for the production of the primary cavernous sinus 

thrombosis includes the following: 

(1) By contact and contiguity with the diseased bone. The sinus 

lies in intimate contact with the latter. 

(2) By contact with an area of meningitis at the base o t le s -u 


86. Faulkner, quoted Luc (footnote 5). 

87. Fotiade and Antonesco, quoted by Luc 
88 Guerra, quoted by Luc (footnote 5). 
89. Quincy, quoted by Luc (footnote 5). 


(footnote 5). 
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(3) By vascular extension, especial^ in cases following ton- 
silitis or a tonsillectomy. The path lies along the venous plexus in the 
carotid canal. 

The diagnosis of cavernous sinus thrombosis is much more easily 
made by its dominating symptom of proptosis of the orbital contents. 
Profound stupor is a characteristic manifestation. Blood cultures are 
usually negative. 

The methods of treatment include: 

(1) Ligation of the internal carotid artery. 

(2) Eagleton's operation, i. e., evisceration of the orbit and 
incision and drainage of the sinus. 

(3) Kronlein’s operation. 

Except for one or two spontaneous recoveries and a similar number 
of recoveries after operation recorded in the literature, this complication 
has uniformly resulted fatally. 

Thrombosis of the other venous sinuses of the skull is much less 
frequently encountered than thrombosis of either the superior longitu- 
dinal or the cavernous sinuses. In the postmortem protocols, the impres- 
sion is given that the other sinuses are involved secondarily and by 
extension from the superior longitudinal cavernous sinuses. Abscess 
formation has been described in the various sinuses. 

In the course of the thrombophlebitis of the intracranial venous 
sinuses, certain stages may be differentiated: 

(1) The prodromal stage. In this stage the symptoms are those of 
the primary lesion, fever, severe pains in the region of the forehead 
and headaches. 

(2) Initial stage. This stage is characterized by. pains in the parietal 
region. 

(3) Stage of regional abscess (the disease is not yet generalized). 
The clinical symptoms of this stage vary, depending on the seat of the 
extracranial and intracranial abscess. In the presence of an intracranial 
abscess there are present generalized brain symptoms. 

(4) Pyemic stage. This stage is characterized by chills, a remittent 
fever, pulmonary complications, swelling of the spleen, etc. 

( 5 ) The terminal stage. Meningitic symptoms develop at this stage; 
death occurs after from one to four days. 

The terminal stage may follow directly after the initial stage. Stages 
3 and 4 may occur simultaneously. 

It is important to make an early diagnosis in these cases if the 
therapy is to he successful. A definite diagnosis can be made during 
the stage of the regional abscess if the abscess is characterized bv 


90. Kronlein, quoted by Eacricton t footnote 48). 
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cnu.i;.! syi.ipioM.s. PycuYc sy.npionis paint definitdv la 
Iiivo vcMianl of (ho siiitis. The; coiuiilion must I)c (liiTcraithita) fmjn 
In eases having- a fulminant canrse, a c!ia,;>nosis is made only 
.11 (in. -m Ops^a In tlie ,i>reat mnjorily of the recorded eases, and in thos'e 
fuv winch I have personally seen, many intracranial lesions coexist, ami 
d IS nupossihk; at the present time and with the ))rescnt available 
Iviiowlmlf^m lo make any exact di/t'erentiations clinically. In every case 

coming' to aniop.sy one should expect a nmltiplicity of intracranial com- 
])lications. 

't'RICATAUvN’f 

'I'he general principle's .^■overnin«' the treatment of osteomyelitis in 
paau'i'a! have been described on a number of |>revions occasions and will 
not !)(' repeated here. 

In the treatment of osteomyelitis, (be importance of proj)Iu’laNis is 
t^reater for lesions in (he skull than for (liose anywhere else in the 
body. 1 bis is especially .so in (be extension type of case following nasal 
accessory sinus disease. Prophylaxis should include these objectives', (ir) 
aii))vo]n'iate \ne.asures for (be jmssible prevention of ;my preceding con- 
dition to which (be osteomyelitis of (be .skull is commonly second'.wy ; {(>) 
the proper inmu’diale care of all .scalp wounds, especially those extending 
into (be bone; (e) the efticient treatment of all nasal accessory sinus dis- 
ease, .'ind (d) the iinprovcinont in l))C gener.'i! condition of the )xitienl, 
Wdien any of the.sc' pri'caulions include o)K’ra(ive manipulations any- 
where near any part of the cranial diploe. extreme care should I)e exer- 
cised not to involve (bis very vtthierahle tl.ssite in llie infective proce.ss. 


{■I.ASSII'ICATIOX h'Oll 'riUCA'I'MKNT 

In osleom^’clitis of the .skull the cases can be divided into the foi- 
londng groups, :is lar :is (be neces.s.ary (re.’ilmeni is conci’rm'd ; (I ) i.'isi> 
wi(b (be elinic.'d signs of .a general inleelion: (2) cases with little <n no 
signs of general infection, hut with various gr.ades of a local restricted 
nim;ircum.sn'ibed lesion; (3) cases of diiru.se spreading o.stenmyeliiis at 
the .skull and (d) eases with intnicranial complications. 

Casrs wUh CnuraJ 7 a/ee/m/;.— Highly fulminant forms of g<'ncral 
infection (.sepsis, .septicemia, etc.) are usually of sneli ;i high order m 
severitv a.s lo make futile any (berapenlie endeavor. 'I bey are am 
eommonlv assncia(e<! with a wiriely and diversity of mtivieiama ‘"”'1” 
e-ilions (meningitis, simis thrombosis of the Imiginidmal or eauvnoi - 

ri i-IVnr,' (o cmv .•scv,,, fm- f-.v I ... .1.' 
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a subsidence of an}’^ accompanying general infection. The periods of 
remission which are commonly seen are most frequently related to 
revisions of the local condition. However, it is only too common also 
for recrudescences to follow subsequent!)’ with an eventful fatality. 

Cases with Local Ciycumscribed Lesions . — Cases of this type lend 
themselves to efficient treatment only when they are in the vault and the 
neighboring parts of the skull, including the mastoid, and adjacent parts 
of the occipital bone posterior to the foramen magnum, the accessible 
parts of the orbital boundaries including the ethmoid, the lacrimal bone, 
the nasal process of the superior maxilla and the part of the sphenoid 
that presents in the roof of the nasopharynx. 

Efficient treatment of this class of lesion requires the thorough 
removal of all infected bone, preferably by removal en masse with the 
line of resection in healthy tissue at an appreciable distance from the 
infected bone. The dura should not be opened purposely, and 
the accidental opening of it is a most deplorable accident. The venous 
sinuses also should not be tampered with unless there is clinical and 
operative evidence of thrombosis ; then, whenever possible a technic 
similar to that in use for similar conditions in the lateral sinus com- 
plicating mastoid disease should be employed. 

At any other area away from the vault of the skull efficient complete 
removal of the disease is commonly impossible ; this applies with special 
force to disease in the ethmoid and in the sphenoid ; incomplete opera- 
tions should be fortified by wide and free drainage, but it must be freely 
admitted that in these areas the prime indication of complete removal of 
the disease is never met, and recrudescences are common and frequentl)’ 
of ominous character. 

The base of the skull, especially the area comprised in the adjoining 
parts of the posterior part of the body of the sphenoid, the petrous 
pyramid and the basiocciput are beyond reach by surgical means ; the 
parts are inaccessible. The danger of uncontrollable hemorrhage is 
very great; the danger of injury to important nerves is equally large, 
and the chances of a secondary intracranial infection is almost 100 per 
cent. 

No matter where the disease exists, if it once involves the diploic 
tissue and veins, a condition is present in which the progression of the 
lesion seems to be independent of all ordinary therapeutic measures. 
The lesion is a progressive, self limited one — all too frequently limited 
by death — in which there is a continuous, contiguous molecular advance 
of the process, or a diffusion of the infection by repeated series of 
thrombo-embolisms by which additional areas, separated from the main 
seat of the disease by slight intervals, are attacked and involved. It is 
for this reason that it is imperative to remove by operation wherever 
possible every bit of tissue carrying any infection; the resection should 
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be very wide, and it is much better to err on the more radical side and 
1 move more, than to remove less and subject the patient to the danger 
of recurrence. Anything less than complete removal invites disaster 
Chmcd experience bears this out; the possibility for complete cure is 
imited to cases m which the diseased area is present only in the access- 
ible regions of the vault of the skull; at the base of the skull in the 
spheno-petro-basiocciput the mortality is, practically speaking, 100 per 
cent because removal of the basic infection is not possible. 


Cases of Diffuse Spreading Osteomyelitis of the Skull.— Diffuse 
spreading osteomyelitis of the skull is the corollary of the remarks made 
in the preceding paragraph. Its presence is due to insufficient checking 
of the lesion by operative means, and its cure depends on the capability 
and possibility for complete removal of the infected area. 

I am under the impression — ^and I am sorry that I have not up to 
the present had the opportunit}^ of carrying out the method — that in. 
these cases the maggot treatment of osteomyelitis might be valuable. 

I mention it here for what it is worth and hope that the method will 
soon have an opportunity to prove itself in these otherwise difficult 
cases. 


Cases with Intracranial Complications. — The treatment of the various 
complications that have been outlined in this communication depends on 
the various individual or associated lesions encountered, which are either 
beyond reach at the present moment — as in some of the venous sinus 
thrombosis cases — or are reached according to well established principles. 
It is be 3 mnd the scope of this paper to go into the latter at any length, 
except for the therapeutic indications that accompany the development 
of a meningitis. 

In any case of osteomyelitis of the skull, one should constantl}" be on 
guard for the occurrence of meningitis. Continued headache, vomiting 
and slow pulse should be accepted as prodromal signs of some impending 
intracranial complication until the assumption is definitely disproved. 
Rigidity of the neck, a Kernig sign, restlessness and hyperexatability 
should intensify one’s suspicions. The association of these subjective 
and objective symptoms should indicate the extreme urgency of die 
condition. A spinal tap should be done immediately; two possibilities 


on 


are present : 

1. Spinal fluid is obtained in increasing amounts which show p. 
microscopic examination an abnormal number of pus cells, _ but die 
absence of any organisms. This is the stage of meningeal irritation 
and indicates that an inflammatory lesion is in close contiguity with ic 

"’Tteate^rof signs pointing to the presence of other to'™”"™' 

, • V eenous sinus thrombosis, brain abscess, ctc.-.t shoiiM b. 
s'CeTtta. the abnormslity of the spinal fluid represents .an .rrUanon 
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phenomenon, the source of the irritation being in the infected bone 
tissue of the skull. If subsidence and disappearance of the irritation 
phenomena are not prompt, and no signs are present pointing to the 
presence of other associated intracranial lesions, the indication is present 
to explore the bone on which operation has not been done or to revise 
that which has already been operated on, to remove from it all diseased 
tissue and to drain adequately any associated extradural collections 
of pus. 

2. Spinal fluid is obtained freely under increased pressure, which 
shows on microscopic examination a preponderating majority of pus 
cells and the presence of few or many organisms which are viable and 
are easily culturable. This is the stage of established inflammation of 
the meninges — frank meningitis. Blood cultivations are frequently 
positive. 

Therapy of any kind is usually ineffective in the cases of established 
meningitis for the following reasons: (a) the practical impossibility of 
controlling this type of meningitis itself; (b) the presence of other 
intracranial lesions — venous sinus thrombosis especiall}' — ^which are for 
practical purposes beyond cure at the present time, and (c) the presence 
of an established and progressive general infection as shown by a 
demonstrable bacteremia. 

MORTALITY 

A considerable number of deaths have followed osteomyelitis of the 
skull. The fatal issues have resulted from the following circumstances : 
(1) the intensit}' of the local lesion, its persistence and the tremendous 
facility and ready opportunit}' for the spread of the disease; (2) the 
readiness with which exacerbations of infection occur in the primarj' 
lesion in the extension group of cases, leading to similar exacerbations 
in, or to the renewed spread of, the osteomyelitis in the cranium; (3) 
the extraordinary difficulty in adequately removing the disease; fd) the 
extreme frequency of intracranial complications which furnish the 
largest proportion of the fatal cases, and (5) the occurrence of general 
infection (bacteremia, sepsis, septicemia, etc.). 

Difficulty in correctly appraising the numbers of patients "cured"’ 
and “not cured” and the fatal cases is mostly due to the fact that the 
condition is marked by many remissions, and the patients naturally 
drift many times from hospital to hospital and from clinic to clinic. .An 
idea of the correct situation as regards the mortality of osteomyelitis of 
the skull can be found in the attached statistics: 

Gerber.2o — T otal number of ca.ses. twenty-nine : no cures ; twenty cases termi- 
nated fatally. 

McKEXZiE.er — Total number of cases, forty-one; twenty-one cases of spon- 
taneous osteomyelitis after nasal accessory sinus disease with fourteen deaths ; 
twenty cases after operation for nasal accessory sinus disease with twenty deaths. 
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t.o„ because c£ abscess of the lung, cancer of the ovary and sepsis 
of the jourt, respecttvely. Of the group, two were not operated » 
hut are tncluded because of a potential surgical condition. The cases 
■n tins group are presented in table 1. I„ seventeen instances there 
was a preceding history of anorexia, undernutrition or intermittent 
vomiting of several weeks’ duration. The five patients operated on 
for acute appendicitis were previously well. They all had ruptured 
appendixes. Postoperative drainage was profuse in each instance. 
Eight patients had observed edema of the extremities before opera- 
tion. The postoperative edema was noted as a rule about seven days 
after surgical intervention. It was seen as early as two days after 
operation and as late as fifteen days after. Once it was noted at 
operation. Edema was present in ever}’’ case and varied in degree 
onty. Those showing moderate edema usually manifested it in the 
ankles, legs or genitalia. In those cases with the most marked edema 
there was an accumulation of fluid in all the dependent portions of 
the body, the peritoneal cavity, the walls of the digestive tract and 
mesentery and the lungs. In nine patients only slight pitting edema 
of the legs and ankles or of the genitals was noted. The remainder 
showed edema up to the point of anasarca. Five had definite edema 
of the lungs, and in two of these oxygen therapy was necessary. 
Edema of the stomach or intestinal wall was known to have been 
present in three cases, and because of postoperative vomiting or 
gastric stasis as indicated by lavage, it was thought that eigiit patients 
gastro-enterostomized patients had edema of the stomach, of the gastro- 
enterostom}’’ stoma or of the intestine, with resulting partial obstruction. 
Four patients, at least, had diarrhea as a result of edema of the intestinal 
wall. One patient died directly as a result of the edema of the intes- 
tinal wall with resultant partial obstruction. Two other patients were 
temporarily in a critical condition as a result of the generalized edema 
and would undoubtedly have died if diuresis had not been obtained. 

Blood analyses, usually made at the time edema was noted, included 
determinations of serum protein, serum albumin, nonprotem nitrogen 
and chlorides. Unfortunately, all four determinations were not made 
in every instance, but for the most part the chemical studies were reason- 
ably complete. In nearly every instance there was no evidence eiMcr 
, before or after operation of any abnormality of renal function. a 
'exceptions will be specifically mentioned. The only '2' 

of importance was a rather striking elevation of the spcci i ^ ‘ ^ 

The surgical procedures included gastro-enterostomy, with nr J' _ 
resection, appendectomy with drainage, c lo c . 


s;;g5^1 — of seps^ and 

Postoperative care included routine surgical -ensures, mchidm,. 
administration of fluids by various routes. 



Table 1. — Data on Patients zuitli Demonstrable Edema Following Surgical 

Procedures 


Scrum Serum jSonprotem 
Albumin, Protein, Sitrogen, Chlorides, 


Case Age 

Diagnosis 

Operation 

6m. 

Gm. 

ilg. 

Mg. 

Edema 

1 

4S 

Obstructing 

Posterior gastro- 


6.5 

SO 

G03 




ulcer 

enterostomy 


5.S 

. 47 

SOO 


2 

05 

Obstructing 

Posterior gastro- 

3.0 

5.5 

20 

5Sj 




ulcer 

enterostomy 



27 



3 

52 

Cancer ot 

Exploratory 

3.4 

5.1 

41 

61G 

-r 



stomach 







4 

44 

Cancer of 

Exploratory 

2.5 

4.7 

41 

632 




stomach 


3.1 

5.2 

26 

57S 


5 

52 

Cancer of 

Cholccystoduodc- 

2.2 

4.4 

23 

517 

-r-r-r 



pancreas 

nostomy 

4.2 

5.S 

3*2 

462 









509 


6 

63 

Cancer of 

Exploratory 

... 

4.5 

125 

S92 

-r 



pancreas 







7 

45 

Gastric ulcer 

Posterior gastro- 


5.3 

37 

661 





enterostomy 


5.0 

32 

GU5 









622 


8 

55 

Cancer of 

Resection 


4.7 

2S 

(5S5) 

-r-r 



stomach 



5.6 

23 








4.6 




9* 

47 

Gastric ulcer 

Resection 


4.4 

. , 

4SS 







4.4 


574 


10 

33 

Cancer of 

Resection 

1.9 

3.7 

45 

GG5 

*f-r-r 



Stomach 


3.6 

3-6 

37 

524 






2.4 

4.4 

40 

609 


11* 

57 

Cancer of 

Resection 


6.2 

35 

512 

-r -r-r-r 



stomach 



4.4 

25 

622 







6.5 

27 

570 


12 

62 

Gastric ulcer 

Posterior gastro- 

... 

4.5 

50 

G5S 

-r-r-^-r 




enterostomy 






13 

60 

Cancer of 

Posterior gastro- 

... 

7.0 

-40 

535 

-r 



stomach 

enterostomy 


5.5 


600 


14 

60 

Cancer of 

Posterior gastro- 

3.3 

7.4 

43 

500 

-r 



stomach 

enterostomy 


5.7 

30 

579 







7.2 

110 

403 


IS 

43 

Perforated 

Drainage 

2.9 

5.2 

39 

555 

-r -r-r-r 



appendix 


4.S 

C.8 

30 



16 

13 

Perforated 

Drainage 

3.0 

4.9 

23 

5G1 

-r 



appendix 


3.5 

5.6 

22 

555 


17 

28 

Perforated 

Drainage 

... 

5.5 

SO 


-r 



appendix 







18 

14 

Perforated 

Drainage 

3.5 

4.4 

41 


-r-r 



appendix 







19 

13 

Perforated 

Drainage 



.. 

541 

-r-r 



appendix 







20 

60 

Fecal fistula 

Closure 

3.9 

5.3 

7.0 

36 

59C 


21 

39 

Lung abscess 

Drainage 

1.6 

5.6 

32 

5S3 

-r-r 





3.0 

6.4 

22 

570 


22* 

52 

Cancer of 

Resection 

... 

4.7 


(495) 




ovary 



4.1 


557 







5.6 




23 

50 

Cancer of 

Appendectomy: 

2.0 

5.0 

55 

692 

-r-f--r 



intestine ? 

diarrhea 

2.0 

3.1 

20 

OOS 


24 

43 

Cancer of 

Diarrhea 

1.4 

4.0 

41 

547 




intestine ? 


2.1 

3.1 

2S 

515 


23 

49 

Joint sepsis 

Drainage; trans- 

3.3 

5.3 

195 

502 

j .i. 




fusion; reaction 

2.C 

4.4 

200 

C2? 






4.2 


91 

504 






4.0 

C.5 

«>o 

:rA 


2G 

43 

Duodenal ulcer 

Hemorrhage 

... 

4.4 

O') 

50S 

j 






C.2 





* Tlie (lata on these patients ubo were twine cared lor at tlie I'cw r.neland Deaconess 
liovnitnl were made available throiiRb tlie courtesy of Dr. I-cIand S. McKittric):. 
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usually restricted Rectal taps were either of water or of physiologic 
(0.9 per cenj) solution of sodium chloride combined with 5 per cent 


, wim o yer c 

dextrose. Hjpodermoclysis consisted in the administration of 2 5 or 
b pei cent dextrose m physiologic solution of sodium chloride. Fluids 
or intravenous administration were, with rare exception, physiologic 
solutions of sodium chloride containing 5 or 10 per cent dextrose 
It will be seen from table 1 that with few exceptions the degree of 
edema varied inversely with the serum protein content and somewhat 
less consistently with die serum albumin. The level of the nonprotein 
nitrogen bore no relation to the presence of edema, and for the most 
pait the figures obtained were within normal limits, or only slightly 
above normal. Three notable exceptions occurred in cases I, 6 and 
25. Values for blood chloride interestingly enough were normal or 
well above normal in over two thirds of the cases, probably because of 
the administration of large amounts of sodium chloride. The specific 
gravity of the urine was high in nearly all the cases at or near the 
time that edema was noted. It ranged from 1.015 to 1.040, with the 
majority of the figures between 1.025 and 1.035. 

With the foregoing facts in mind, it will be of value to consider 
several of the cases in greater detail. Protocols of some of the more 
striking cases follow. 

REPORT OP CASES 

Case 12. — ^.A, man, aged 62, had a condition diagnosed obstructing pyloric ulcer. 
For fifteen years he had had intermittent ulcer. Successful intensive medical treat- 
ment had been gii'en twenty-one months previous to admission. Generalized edema 
at this time was relieved while the patient was receiving ulcer therapy. There had 
been intermittent vomiting for three months, with marked anorexia and some loss 
of weight. 

Physical examination on admission gave essentially negative results, except for 
edema of the legs, genitals and abdominal wall. Studies of renal, hepatic and 
cardiac function all were negative. The preoperative serum protein was 5.7 Gm. 
per hundred cubic centimeters ; nonprotein nitrogen, 43 mg., and chlorides, 599 mg. 
Edema disappeared with rest in bed and a fair intake of milk and cream. 

Posterior gastro-enterostomy was performed for a partially occluding p>loric 
ulcer. During the first seven days after operation there was obvious gastric 
stasis, which was relieved by vomiting or gastric lavage. The urinars output vas 
moderate in amount, averaging from 800 to 900 cc. per day, and the speci ic 
..ravity was high throughout (from 1.030 to 1.034). On the seventh day after 
operation edema developed rapidly in the feet, thighs and scrotum, ant 
in degree after the next week. Digitalization produced no diuresis The un e < 
noJl, for <h« high »P»SC gravity. Th. vomu.ng, 

in severity, again became (roufalesome, and. m addition, on * . • 

watiy dialrlia developed. Pnlmonary etlema was evident on tlic tliimvn.b dD. 

and the patient died on the following day. ..rm Tia- 

A^psy showed the local operative findings. J ,. 

,tans of tie ieiunum and ileum -- very « 
functioning gastro-enterostomy wa.s obviously edema ot 
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A summarj" of the fluid intake during the first seven days after operation is 
important. The patient received the following fluids : 

Intravenous administration. 3,900 cc. Total fluid intake 29,500 cc. 

Subpectoral 10,500 cc. Vomitus 2,000 cc. 

Oral 5,400 cc. 7)27,500 cc. 

Rectal 9,700 cc. 

Average dail 3 - fluid intake. 3,928 cc. 

The intravenous and subpectoral solutions were made up of dextrose in physio- 
logic solution of sodium chloride (0.9 per cent) and contained a total of 130 Gm. 
of sodium chloride. The average dail}- fluid intake was nearlj' 4 liters and con- 
tained at least 18 Gm. of sodium chloride. 

On the seventh daj' after operation the chemical examination of the blood 
showed : serum protein, 4.5 Gm. per hundred cubic centimeters ; nonprotein nitro- 
gen, 50 mg., and chlorides, 658 mg. 

Case 1. — A man, aged 48, had a condition diagnosed obstructing duodenal ulcer. 
He presented a fairly suggestive history of ulcer for many years. For fifteen 
months he had had distress in the upper abdominal region relieved by vomiting. 
The frequency and degree of vomiting increased gradually until admission, with 
consequent weakness and loss of 30 pounds (13.6 Kg.) in weight. The remainder 
of the history was irrelevant. 

Physical examination revealed an emaciated man. The heart was normal. The 
abdomen was distended, apparently due to a dilated stomach. There was visible 
peristalsis. Otherwise the results of the phj'sical examination were essentially 
negative. 

Laboratory examination revealed the following data : urine, norma! ; red blood 
cells, 3,090,000 per cubic millimeter ; hemoglobin, 60 per cent ; serum protein, 6.5 
Gm. per hundred cubic centimeters ; nonprotein nitrogen, 80 mg. ; chlorides, 608 
mg. ; serum protein, 5.8 Gm. ; nonprotein nitrogen, 47 mg., and chlorides, 590 mg. 

For four days before operation the patient received a daily intravenous injec- 
tion of about 1,250 cc. of 10 per cent dextrose in distilled water, and, in addition, 
an equal amount by oral or rectal administration. Although no sodium chloride 
was given intravenously, alkaline powders were given for two days before the 
operation with at least a daily intake of 22 Gm. of sodium bicarbonate. It is to 
be noted that preoperatively the serum protein had dropped from 6.5 Gm. per 
hundred cubic centimeters to 5.8 Gm. 

On exploration, an obstructing healed duodenal ulcer was found, and a routine 
posterior gastro-enterostomy was performed. The following operative note was 
made ; “There was much more than the usual amount of fluid in the abdomen. 
There was very marked edema of the stomach and the transverse mesocolon.” 

Por the first three days after operation the gastro-enterostomy obviously did 
not function properly, as was evidenced by the amount of vomitus and gastric 
lavage (1,470 cc.). On the fourth day marked improvement was noticeable, and 
convalescence was thereafter uneventful. It is of interest to note that no further 
clyscs or intravenous injections were administered after the third day. 

A summary of the fluid intake during the first three days after operation was 
as follows ; 

Intravenous administration. . 1,750 cc. Total fluid intake 9,350 cc. 

Subpectoral 5,800 cc. Vomitus 1,470 cc. 

Oral 1,800 cc. 31 7,880 cc. 

.Average dailt' fluid intake. 2,627 cc. 

The total amount of sodium chloride given by intravenous injection and by 
hypoclernioclysis was OS Gm., or an average daily amount of 22.0 Gm. 
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cl 38, had a condition diagnosed cancer of the stomach 

rcLto, tonel V pain in the npper abdominal region tritl.ont 

ireTV^ K hematemesis accompanied the abdominal dis- 

subsequently, marked constipation. She had lost about 60 pounds 
Kg.) during the eight months before admission. 

_ Physical examination showed an emaciated woman with a palpable mass the 
size of a hen s egg m the region of the stomach. There was slight pitting edema 
o e extremities. Roentgenograms of the gastro-intestinal tract showed an 
obstructive pyloric lesion with complete retention of the motor meal. 

Exploration revealed a nodular growth involving the antrum, with regional 
glandular involvement. A large resection and a posterior gastrojejunostomy were 
performed. During the six days after operation the patient was able to take only 
small amounts of fluid by mouth but received by various routes a total of 17,000 
cc., or a dail}' average of 2,840 cc. The daily average salt intake was approxi- 
mately 19 Gm. 

On the fifth day after operation there were signs at the bases of the lungs, and 
twenty-four hours later cyanosis was extreme enough to necessitate an ox}'gen 
tent. The signs were not those of partial collapse or of pneumonia, but were more 
consistent with pulmonary edema. Three days later there was massive edema of 
the hands, feet, legs and flanks. Three transfusions of 500, 600 and 600 cc. were 
performed in the next five days, during which period there was marked abdominal 
distention and watery diarrhea. At this point severe stomatitis developed, similar 
to that noted in case 15. Following the third transfusion the edema diminished 
slightly, but there was evidence of increasing pulmonary edema and gastric reten- 
tion, as demonstrated by gastric lavage yielding 780 cc. The patient died on tlie 
fifteenth day after operation. 

Autopsy showed in addition to the operative findings and a wallcd-off abscess 
between the stomach, liver, colon and anterior abdominal wall, evidences of edema 
of the legs, vulva, pleural cavity and lungs. There was about 1,000 cc. of thin 
yellow fluid in the peritoneal cavity, which may have been associated with nutri- 
tional edema or with the inflammatory process in the abdominal cavity or with 
both. Microscopic examination of the lungs showed many of the alveoli filled with 
serum and slight edema of the submucosa in the intestine. 

Chemical examination of the blood revealed the following: Eiglit days after 
operation, the serum protein was 3.7 Gm. per hundred cubic centimeters , serum 
albumin, 1.9 Gm. ; nonprotein nitrogen, 45 mg., and chlorides, 665 mg. A trans- 
fusion of 500 cc. of blood was given. 

Ten days after operation the serum protein was 4.2 Gm. per hundred cu ) 
centimeters ; nonprotein nitrogen, 36 mg., and chlorides, 621 mg. A trans usio 

of 600 cc. of blood was given. , • 

Twelve days after operation the serum protein was 4.4 Gm. per bund 
centimeters; nonprotein nitrogen, 37 mg., and chlondes 602 mg. 

A summary of the fluid intake during the first six days after operat o 

follows : 

(Hypodermoclysis, 1,000 cc. one day before operation) 

Intravenous administration. 3,900 cc. Total fluid inta - 2,816 cc. 

Subpectoral IJ^OOcc. Daily average 

Oral 

The average daily intake of sodium d^gnosed cancer t!;' 

Ja^ch. m^prstSry S irrelevant. For two months the patient had -n- 
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fered from epigastric distress, nausea, and finally obstructive vomiting. Physical 
examination revealed an emaciated patient with an obviously enlarged stomach 
and a palpable mass in the region of the pylorus. Roentgenograms showed a 
grossly obstructive lesion at the lower end of the stomach. Operation M-as decided 
on, and at exploration a large obstructing lesion was found ; a veiy- wide resection 
was performed together wdth an anastomosis between the jejunum and the remain- 
der of the stomach. The w'all of the stomach was verr- edematous. 

On the day preceding the operation the patient received an intravenous injection 
of 750 cc. of dextrose in physiologic solution of sodium chloride, and on the da 3 - 
of operation 4,000 cc. by clysis and by vein. The serum protein on this day was 
6.2 Gm. per hundred cubic centimeters. • Four da 3 -s later the serum protein had 
dropped to 5.2 Gm., and the blood chlorides had risen to 611 mg. Three da 3 's 
later, or six days after the operation, the serum had reached a le 3 -el of 4.4 Gm., 
and the blood chlorides were at the level of 578 mg. During this seven da 3 ' period 
the average daily fluid intake was 3,187 cc., 2,070 cc. of which was introduced b 3 ’ 
vein or by clysis, with a salt intake of 18.6 Gm. a day. Edema of the feet and 
left arm 3vas noted on the second day after operation, and 63 ' the fifth da 3 - anasarca 
was present, involving even the cheeks and lips. From the third da 3 - after opera- 
tion the fluid intake W'as reduced steadih', until on the seventh da 3 ' after operation 
it amounted to only 860 cc. With the marked reduction in the administration of 
fluid and salt, diuresis was prompt, and the demonstrable edema, which had reached 
its peak coincidentall 3 ' with the greatest drop in serum protein, receded rapidl 3 '. 
It had completel 3 ' disappeared by the tenth day, at which time the serum protein 
was normal. From the third day, however, vomiting was a constant feature, and 
this may have been due to edema of the stomach and gastro-enterostom 3 ’. The 
vomiting undoubtedly was a contributory factor in the lowering of the blood 
chlorides to 479 mg. per hundred cubic centimeters. 

Because of the persistent vomiting, a jejunostomy was resorted to, and for 
three days moderate edema again returned. As soon as possible after the second 
operation a generous amount of protein and salt was given 63 ' jejunostom 3 ', and 
this plus transfusion resulted in a temporarx' rise in serum protein and blood 
chlorides. Edema did not recur, but complications around the enterostom 3 ' resulted 
in final complete obstruction and eventual death. During the latter period the 
serum protein and blood chlorides dropped despite an adequate protein and salt 
intake via the jejunostom 3 '. 

A graphic representation of the findings in this case is given in the chart. The 
time relations betw'een the high fluid and salt intake, the lowering of the serum 
protein and the development of edema are readih' noted. 

Case 15. — A woman, aged 43, had a condition diagnosed perforated appendi.x. 
The history was essentiall 3 ' unimportant until three da 3 -s before admission. At 
this time there was sudden onset of pain in the right lower quadrant with nausea, 
vomiting, fever and chill. The patient was brought to the hospital where a diag- 
nosis of acute appendicitis was made. Operation was immediateK' performed. A 
gangrenous appendix was found ; it was removed, and drainage was instituted. 

Drainage was profuse for several 633 - 5 . During the first six days after the 
operation the patient received ch-ses and intravenous injections of 2.5 per cent 
de.xtrosc in physiologic solution of sodium chloride aggregating 12,700 cc., or an 
average daih- amount of 2,116 cc. The sodium chloride intake 63 - these injections 
amounted to 19 Gm. daih-. At the end of the sixth 633 - edema of the e.xtremities 
was noted, and, in spite of discontinuing intravenous injections and h 3 -podermo- 
olysis, it increased rapidly so that on the following day there was anasarca. 
Cy-anosis was so marked from pulmonary- edema that an oxy-gen tent was necessary. 
I^igitalis was given, a common procedure, but presumably was of no value. .As 
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emergency measures, 50 per cent dextrose was given intravenously and 2 cc. of 
salyrgan. Diuresis was prompt, and in two days there was marked improvement. 
Five days after the appearance of massive edema the patient received a transfu- 
sion of 250 cc. of blood and three days later a second one of a similar amount. 
Following the two transfusions, diuresis continued for almost a week. From that 
point convalescence was uneventful. It is of interest to note that severe stomatitis 
occurred two weeks after operation. 
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Effect of administration of fluid and salt in the production ot 
nutritional edema. Observations were made on a 
stomach (case 11). Edema was observed two days following a 
gastro-enterostomy, and reached its peak on the ninth day. 

A summary of rl.e fluids given for siv flays after operation an, I of tl.e lal«a- 
tory findings is as follows : 12,70') cf . 

Intravenous administration.. 6,200cc. ‘^^Vd h^^ 2.Hdn:. 

Clysis ,, ’ 

( ..Small amount , , _ ,, 

Tfle'imaVamo^ni'of sofliun. ci.lorifle fl-en ',y dysis anfl , 

was 114 Gm., or an average daily intake ot 1 • _ ^ 

Sin days after operation "l' nitron.n, .» .ne, . 
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Nine days after operation the serum protein was 5.3 Gra. per hundred cubic 
centimeters ; serum albumin, 2.9 Gm., and nonprotein nitrogen, 27 mg. 

Two blood transfusions were given of 250 cc. each. 

Eighteen da}'s after operation the serum protein was 6.9 Gm. per hundred cubic 
centimeters ; serum albumin, 4.8 Gm., and nonprotein nitrogen, 30 mg. 

Case 17. — A man, aged 28, had a condition diagnosed perforated appendix. The 
histor}^ was unimportant except for a single attack of sharp pain in the right lower 
quadrant three years previous to admission. Eight daj-s prior to admission the 
patient had intermittent epigastric pain, associated with nausea and vomiting. 
Later the pain shifted to the right lower quadrant, and there was further vomiting. 
He entered the hospital because of the continuation of his S 3 -mptoms, and a diag- 
nosis of acute appendicitis was made. Operation was performed at once, and an 
appendical abscess was found which was drained. During the following six days 
drainage was profuse. During this period the patient received an average of 
3,870 cc. daily bj' intravenous, subpectoral and oral routes. The average daih* 
sodium chloride intake was about 23 Gm. On the third daj' in particular the fluid 
intake, by error, was 7,800 cc., with a salt content of almost 62 Gm. The patient 
showed probable pulmonary edema at the end of the second daj-, vomited off and 
on for the next six days, and had pitting edema of the feet at the end of the eighth 
day. The serum protein at this time was 5.5 Gm. per hundred cubic centimeters 
and probabh' had been lower a few days previous. At this point he was able to 
take a reasonable amount of protein by mouth and convalescence was thereafter 
uneventful. 

A summarj- of the fluid intake for six daj-s after operation is as follows: 

Intravenous administration. . 9,865 cc. Total fluid intake 24,060 cc. 

Subpectoral 5,200 cc. Vomitus 1,840 cc. 

Oral 8,995 cc. 6)23,220 cc. 

Average daily fluid intake. 3.870 cc. 

The average daily intake of sodium chloride was 22.6 Gm. 

Case 26. — A woman, aged 45, had a condition diagnosed bleeding duodenal 
ulcer. Although no operation was performed on this patient, the case is presented 
because an operation might well have been considered. Her past historr- was 
irrelevant. The present illness was of one month’s duration and consisted onlj’ of 
indefinite epigastric distress until three daj’s before admission, at which time she 
passed two large tarry stools and one containing red blood. The following day she 
vomited a pint of blood, liquid, and passed another tarry stool. The day of 
admission she vomited three times, each time about a pint and a half of black and 
reddish vomitus. 

Physical examination showed an obese pale woman in no distress. The pulse 
was 104 and the blood pressure was 150 si'stolic and 82 diastolic. There was slight 
edema of the left lower leg. 

On admission, her red blood count was 1,550,000 per cubic millimeter with a 
hemoglobin of 45 per cent. She vomited more blood the following day, and on 
the seventh day of her acute illness her count had dropped to 1,030,000 and the 
hemoglobin to 30 per cent. She was given a blood transfusion, but a further 
hemorrhage occurred, and on the seventeenth day her red count was 950,000 per 
cubic millimeter with a hemoglobin of from 25 to 30 per cent. On the next day 
she was given another transfusion and had a severe reaction, characterized by a 
rise in temperature and a chill. The following day there were sierns of pulmonary 
edema at the base of the right lung, and the next day there was edema of the face, 
eyelids, hands, legs and trunk. There were signs of pleural effusion on the right 
side. 
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.Le .levd„,.,„„. odc,„„, 

sn/IiciciU oil llic twciilietli day lo produce a moderate but real alkalosis Soiliimi 
bad also beet, administered i„ tlie (or,,, o( sodium d.loride i„ reS taps tI” 
total amount cannot he determined. 

Chemical c.xamination of the blood revealed the ionowhig: 

Twenty days after the onset of the illness the serum protein was 4.4 Gm per 
hundred cubic centimeters; nonprolcin nitrogen, 19 mg.; chlorides, 508 nig„ and 
the carbon diox'idc-combimng power, 78.8 per cent by volume. 

Twenty-seven days after the onset the scrum protein was 5,4 Gm. per hundred 
cubic ccniinicters and the carbon dioxide-combining power, 59.2 per cent by volume. 

Thirty-four days after t!ic onset the sernm protein was 6.2 Gm. per hundred 
cubic centimeters. 

From the twentieth da}^ after the on.set of her illness, possibly because of a 
high protein diet given in frequent small feedings, there was gradual diminution 
in the edema and a good diuresis. TJicrc was no further bleeding, and with the 
subsidence of edema tiic patient lost 10 pounds (4.5 Kg.) in weight in spite of a 
gradually increasing food intake. Alkali was discontinued as soon ns it was 
realized that a mild alkalosis existed. In one week after the height of the edema 
the serum protein was 5.4 Gm. per hundred cubic centimeters, and the carbon 
dioxide-combining power was S9.2 per cent by volume. One week later the scnmi 
protein had risen to 6.2 Gm. Shortly tliercaflcr llic patient was discbargcfl, free 
from edema, and with a red count reluming steadily lo normal. Rocntgcnogrniiis 
of the gastro-intcstinal tract sliowed a duodenal ulcer. The relation of this ease 
to abdominal surgery will be considered later. 

Case 25. — The patient, aged 49, had a condition diagno.sed aepsis of tlie joint. 
Drainage and transfusion had been employed. The history was essentially iiiiim- 
portant except for the present illness. For four years, following a jircvious opera- 
tion on the hip, the riglit In'p joint had had continuous drainage of purulent 
material witli rc.sulting local pain and disability, Pliysical examination siinwcd 
little beyond the local condition except some general loss of weight. There was 
no evidence of tubcrcnlosis. Routine laboratory studies were negative. 

On September 17, a posterior drainage of the right hip joint was performed. 

On October 10, an arthrodesis of the hip was done followed by continuous dram- 
age. Two weeks later, because of an anemia of 2,220,000, and in order to ha.slen 
convalescence, a transfusion of 600 cc. of whole blood wa.s given, fbe 
had an immediate and severe reaction followed by fever, chills ancl vomiting. 'c 
next day the vomiting persisted, and (he patient was sliglilly jnimdiced. I lie nrmt, 
which was scant and very concentrated, retained a trace of albinnhi and nnimroiis 
red cells. For the next ten days the patient Iiad marked ohgiinn, 
nausea. On November 4, he was vomiting and was extremely 
somewhat irrational. The urine still continued to show a trare of .1 . 

and the nonprotein nitrogen was 200 mg. per hundred cubic centimeters. I here u . ■ 
Ima ol the afTectod leg, which was at 6rst thought to be due to gre-sure m h- 

cast. Blood studies the following day j,;,;;;, chloriT-.. 

-r" i 

of a62mg. xt was itu ui.o o e mrli.al renal .sbnt-d<>v.it, m-f 

tion following a reaction lo the tran.sfiision w t^ . jj;, 

fluids were given 
was promoted by the use 




of a 50 per cent solution of de.xtro'c 


and by the use 


of 


salyrgan. For the nc.vt eight d.ays 


the avcr.nge d.'iily th'-'d 
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was 2,800 cubic centimeters, with a total of 36 Gm. of sodium chloride given in 
two intravenous injections. Edema of the face and leg was obvious on the first 
daj' of intensive therapy and rapidly increased, until on the fourth day generalized 
edema with ascites and pulmonary edema was present. The latter was associated 
with cyanosis and orthopnea. During the period of eight daj-s the serum protein 
dropped to 4.3 Gm. and then, as diuresis became established, rose to 6 Gm. The 
nonprotein nitrogen rose to 211 mg. and did not fall appreciably until ten days 
after intensive treatment started. The patient vomited persistently and was very 
irrational for about ten days, and during the first three daj's was bothered by a 
severe watery diarrhea. After about the seventh day diuresis was striking, and 
from then on the edema rapidly subsided. The general condition improved gradu- 
ally, however, and the nitrogen retention persisted for three weeks after active 
treatment started. With a return of the blood to normal the urine cleared com- 
pletely, and convalescence was thereafter uneventful. A tabulation of the impor- 
tant findings follows ; 



Intravenous 

Total 

Serum 


Non- 


Adminis- 

Fluid, 

Protein, 

Scrum 

protein 


tration, Cc. 

Cc. 

Gm. 

Albumin 

Nitrogen 

November 5 

2,100 

3,300 


3,2 

105 

Noveraber 6 

1,200 

2,500 

4.3 

2.6 

2G0 

November 7 

1,900 

2,900 

5.5 

2.6 

205 

November S 

250» 

2.‘’00 




November 12 


6.0 

0.4 

205 


from November 9 




November 16 


7.3 

4.2 

91 

November 23 

by mouth 

6.5 

4.0 

3 j 


Edema 


0 


0 


*^25 per cent dextrose. 

fealyrgan rvas given on November 5 and November C. 

In table 2 are given brief data on eight other cases. The patients 
observed in this group presented conditions similar to those presented 
m the previous one. In every case but one (no. 32) there was an under- 
lying condition which laid the foundation for marked undernutrition. 
Case 32 corresponded to the cases of acute gangrenous appendicitis 
outlined in the preceding group. In each instance there w'as a marked 
lowering of serum protein to the critical level. Demonstrable edema 
was not observed, however, either because the figures for serum 
albumin did not drop to the critical level, or because fluids and salt 
were not pushed to sufficiently high levels to produce a noticeable 
accumulation of fluids. It is obvious, however, that these rvere all 
borderline cases in which slight excesses in the administration of fluid 
and salt would have produced real difficulties. 


COMMENT 

A consideration of the foregoing data indicates that nutritional 
or inanition edema may readily occur as a complication of many sur- 
gical conditions. The majority of the patients observed were under- 
nourished prior to operation because of malignancy, pyloric ob.'itruction 
and similar conditions. Actual vomiting as well as loss of appetite 
contributed to such a situation. In one in.'^tance (case 12") edema had 
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_ ui nuKis and salt. Fable 3 indicates the amounts of fln.Vi 
■ dministcretl dimiig the first few days after operation. It will be noted 
Ih-tt the actnal amount of fluid given daily in the cases of 

Taste 2.-0„,„ „ Vni.cMIc £*„», t,„ „M „ 

Sa urn Pi otem. Following Surgical Procedures 






Serum 

Serum Nonprotein 

Case 

Age 

Diagnosis 

Operation 

Albumin, 

Gm. 

Protein, Nitrogen, Olilorklcs, 

Gm. ATer Hfr, 

27 

SO 

Obstructing ulcer 

Posterior gastro- 

.3.5 

7.0 

Oe 





enterostomy 

4.5 

5,6 

173 

4‘U 

569 

2S 

42 

Duodenal ulcer 

Posterior gastro- 


7.3 


585 




enterostomy 

3.4 

5.5 

2.5 

.58.5 





4.1 

6.6 

,37 

555 





3.S 

6.1 

25 


29 

45 

Gastric ulcer 

Hesection 

5.5 

6.8 

fO 

5^5 





4.2 

5.3 

26 


30 

02 

Ulcerative colitis 

Ileostomy 

3.4 

5.7 

•II 

m 





4.1 

6.3 

32 

500 

31 

57 

Cancer of stomach 

Resection 

3.5 

5,9 

32 

COO 





3.4 

6.5 

28 

664 





3.3 

5.5 

25 

003 

32 

32 

Acute appendicitis 

Drainage 

4,1 

6.5 

41 

002 

S3 

S7 

Cancer of stomach 

Resection; anterior 


5.5 

20 

ora 




gastro-ciitcrostomy 

3.0 

4.0 

30 

70S 

34 

57 

Cancer of colon 

Resection 

3.4 

5.3 

SO 

527 





2.5 

5.1 


res 





3.3 

4.S 


646 





3.3 

■4.3 

46 

58.3 


Table 3. — Summary of Fluid and Salt Administration in Cases of Gastric and 

Intestinal Surgery 


Cases of Gastric Diseases, 14; Cases with Edema, 11 

Average dally fluid Intake (total) lor 5 days 3,153 00 . 

Average dally fluid containing sodium chloride (0.9% NnCl) l,718cc. 

Average dally sodium chloride intake ,nn 

Average serum protein at time edema noted (range, 3.7-5.S) 5.2 urn. per iiw cc. 


Cases of Acute Appendicitis with Drainage, C; Cases with JCdeina, 5 


Average dally fluid intake (total) for 5 days wa;; 

Average daily fluid containing sodium chloride (0.9% AnOl) 

Average dally sodium chloride Intake VtVC 

Average serum protein at time edema noted (range, 5.2-a.5) 


2,Cin ee. 

2,170 (T. 

i!i.n ow. 

ii.4 Clin, prr UOrc. 


eases exceeded 3,000 cc. This included the huid intake hy all routc.s, 
but by intravenous or subpectoral routes 1,700 cc. was fttven daily, 
with a salt content of over 1 5 Gm. The average daily intake of .smliiim 
chloride for a normal person docs not exceed from 5 to 6 Gm. a <‘‘>- 
A dance at table 1 will suffice to indicate that in only an e.xrqfliona) 
case were the blood chlorides below a normal level, and m m..n> 
instances the figures were abnormally high as a direct rc.-u t oi < 

:r:Sr.io„ 5 soflium chioH.,. ^h. ... 

ride dven was m excess is also indicated 
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urinary specific gravities which ranged between 1.015 and 1.040, with 
an average about 1.030, in spite of a very adequate fluid output. In 
some instances there was an associated oliguria, but in many instances 
there was a good urinary output even in the presence of edema. 

In the group of patients with gastroduodenal disease there would 
seem little reasonable doubt that the situation immediately preceding 
surgical intervention plus the necessary limitation of all food and an 
excessive administration of salt and water were the factors involved 
in the production of edema. The average amount of serum protein 
noted at the time of the development of edema was 5.2 Gm. per hun- 
dred cubic centimeters, which is well below the critical level for the 
development of edema. The range was between 3.7 and 5.8 Gm. in 
these cases during the period of edema. The lowering of the serum 
protein was due first to malnutrition, and second to subsequent dilution 
of the plasma by excessive amounts of fluid. It would seem that the 
retention of water in the tissues was dependent on the altered osmotic 
relations as a result of the foregoing factor, plus the addition of 
excessive amounts of sodium chloride, resulting in a movement of 
sodium to the tissues along with water. Such an hypothesis is in 
accord with the results obtained in numerous experimental observa- 
tions.® 

The accompanying chart, presenting findings in case 11, shows, 
graphically what has just been discussed. The protocol of the case indi- 
cates that the factors of preceding malnutrition, postoperative starvation 
and the excessive administration of fluid and salt were all present. Prior 
to operation the serum protein was apparently at a normal level 
(6.2 Gm. per hundred cubic centimeters). Such an apparently normal 
figure is not uncommon in association with dehydration, and may give 
a false sense of security. Once a slight excess of fluid has been given,, 
the serum protein drops rapidly, as actually happened in this instance. 
Postoperatively, 21,300 cc. of fluid was given in the first six days,, 
with a total salt content of 147 Gm. Under this regimen the serum 
protein dropped in four days to a level of 5.2 Gm. per hundred cubic 
centimeters, and in spite of a marked change in therapy it reached a 
low level of 4.4. Gm. in four more da^'S. The effect of the administra- 
tion of such large amounts of salt is reflected in a rise in blood chlorides 
from a level of 505 mg. per hundred cubic centimeters to one of 610 
mg. in four days. Edema of the extremities was noted two days 
after operation and continued to increase until anasarca was present. 
This coincided with the lowc.st figure for serum protein, and in the 

-■ {o) Moore, X. S., and Van Slyke. D. D. ; The Relationsliip? P.etwecn 
fla'ina Specific Gravity, Pla.<;ina Protein Conlent and Edema in Nephritis. .1. 
Cl'a- Investigation 8:337, 19.30. (b) Falt.a. W., and Onittner. M. : Ueher den 

CiHinivnuis vcrfchiedener Oedemforinen. tVien. klin. tVchn.'^chr. 30:1180, 1917. 
'cl Footnote 1. 
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lacc of a beginning diuresis brought about by a sharp restriction of 
Hinds As soon as diuresis was established, the edema disappeared 
rapidly and the serum protein rose. At the time of the second opera- 
tion jejunostoniy was performed, and an adequate protein and salt 
intake was possible. Vomiting recurred, however, in a few da}-s, and 
attempts to maintain an equilibrium were not possible. The final drop 
in chlorides and serum protein was the result of excessive vomitiiw 
and diarrhea with resultant loss of fluid, protein and salts. 

In the patients (cases 15 to 19 and 32) who developed either visible 
or “potential” edema following an operation for appendicitis, the fac- 
tors involved are not quite so clear. There was obviously no question 
of undernutiition before operation. All the patients had essentially 
iuelevant histories before the attack of appendicitis and were well 
nourished. Following operation the excessive administration of fluids 
and sodium chlorides was as striking as in the first group of cases. 
The average daily fluid intake for the first five days after operation 
was approximately 2,600 cc., of which 2,100 cc. was given intrav- 
enously or by clysis, with a total sodium chloride content of almost, 
20 Gm. a day. It is quite possible that an intake of over 2.5 liters 
of fluid was advisable in view of the elevation of temperature with 
consequent loss of water but there is little reason to warrant the adminis- 
tration of over 19 Gm. of salt a day for nearly a week. It will be 
noted that the serum protein dropped to a critical level or below in 
all of the cases observed. In case 19 no determinations were made, 
but as it differed in no way from the other five cases it is reasonable 
to assume that here also there was a similar reduction in serum pro- 
tein. It is possible that the lowering of the serum protein was due 


solely to dilution by excessive fluid, especially by the intravenous route. 
Experimental work by Beard and Blalock ^ would indicate that this 
may be a partial explanation of this phenomena. The edema noted in 
these patients was not due to local inflammatory changes in the tissue, 
and changes in the serum protein obviously were not due to such a 
cause. There are two other possible factors which may have con- 
tributed to the lowering of the serum protein and the development of 
edema. In each instance,, because of the localized peritonitis associ- 
ated with a gangrenous appendix, drainage was necessarily established 
and was profuse. Here then was a cause for the lowering of seniin 
protein, namely, loss of serum protein by actual drainage. Whether a 
coincidence or not, my associates and I have not observed edema m 

J. W., and Blalock, A.: Intravenous Injections: A Study of d,c 

r- AciSn of the Blood During Continuous Trauma to the Intestines When bo 
Composit on i„jected Continuously. J. Clin. Investigation 
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cases of simple appendicitis not needing prolonged drainage. Our own 
animal experiments now under way would seem to indicate that drain- 
age alone, even in the absence of sepsis, will apparently act as a factor 
in lowering the protein content of the blood and in the development 
of edema. In addition, it is conceivable that sepsis, even if localized 
and properly drained, may cause a greater generalized capillary perme- 
ability with the escape of fluid into the tissues. In this group of cases, 
then, excessive fluid and salt intake, plus loss of protein ijy drainage, 
and the possible influence of sepsis on capillary permeability must Ije 
considered as the causes of the occurrence of tissue edema. In cases 


21 and 25 the loss of protein by drainage probably constituted a real 
factor in the development of edema. The former case was that of a 
patient with a draining abscess of the lung, and the latter that of a 
patient with a draining septic hip. 

It is of interest to comment on certain other aspects of the prob- 
■'lem as illustrated in some of the foregoing cases. In case- 25 under- 
nutrition from chronic sepsis of the joint in association with a marked 
anemia formed the background of the clinical picture. Following 
operation on the hip, anorexia became more marked and the anemia 
increased. A transfusion was indicated and was performed, but was 
followed by a severe reaction with polyuria, hematuria, jaundice and 
a subsequent uremic picture. Edema undoubtedly developed because 
of an underlying severe inanition, coupled with inability of the kidneys 
to excrete water and salt properly. The serum protein was already at 
a critical level of 5.5 Gm. per hundred cubic centimeters. In view of 
the very high amount of nonprotein nitrogen ( 195 mg. per hundred 
cubic centimeters) and extreme dehydration, fluids had to be pushed 
and the edema increased, as was to be expected, coincident with a 


reduction in the serum protein to 4.4 Gm. per hundred cubic centi- 
meters. Before a diuresis was finally established, anasarca had 
developed with so much pulmonary edema that the outcome was 


extremely problematic. Persistent vomiting made it impossible to sup- 
ply sufficient protein in the diet to raise the serum protein, and further 
transfusions for the sole purpose of raising the serum protein were 
refused. , Fortunately a diuresis was finally established by the use of 
salyrgan, and subsequently the edema disappeared with a complete return 
to normal of the blood values and a complete restoration of kidney 
function. In this case the mechanism of edema formation was com- 


plicated by temporarily disturbed renal function, although the back- 
giound was essentially that of inanition. As previously noted, drainage 
lom the septic hip may have been an additional factor. 

In case 26 the mechanism for the production of edema differed 
lom the preceding cases and is of some interest. .-\s indicated in tlie 


case report, no element oi undernutrition was present. Three factors 
.ecme<l to combine toward the lowering of tb.e serum protein and th.e 
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accuinu al.on of flnid in the tissues. In the first place there was a 
Ireracndrais ]o.ss of prolem astiociated with a iicmorrhage from a 

1 mn mo r ‘o ''™P “> 

I, mm cells per cuhic millimeter in a few days. This represented an 
aduai Joss, only (o be replaced by a proper protein intake or by transfu- 
sion. i be former was impossible because of continued bleeding. The 
latter was tried, but unfortunately was followed by a fairly severe reac- 
lioii with some resultant disturbance of kidney function. In addition, 
during the period preceding the development of edema, the patient 
received alkalis in the form of powders made up of sodium bicarbonate 
and calcium carbonate or magnesium oxide. Because of the temporary 
impairment of renal function, alkali was retained to such an extent that 
an actual alkalosis developed. In this case the serum protein was 
lowered primarily by loss through hemorrhage. Alkalosis and renal 
dysfunction provided the other factors necessary for an accumulation 
of fluid in -the tissues. Diuresis was finally produced by the omission 
of alkalis and by an incrca.se in the intake of protein by mouth. This 
case is of additional interest because of the possibility of surgical inter- 
vention. Although surgical intervention immediately after a large hem- 
orrhage from a duodenal ulcer is not usually indicated, continued bleed- 
ing occasionally necessitates an operation. Under such circumstances 
the administration of fluids and salt that is normally consequent on 
gastro-intestinal surgical procedures might conceivably have resulted in 
edema of even more serious import. 

That the finding of a normal amount of scrum protein before 
operation does not constitute a guarantee against the development 
of edema was noted in several cases, and is best exemplified in case 
14. This patient had a typical story of pyloric obstruction from carci- 
noma, was underweight and dehydrated. An operation, posterior 
gastro-enterostomy was decided on, and blood studies were made with 
a view to determining the optimum administration of fluids and salt. 

The serum protein was 7.2 Gm. per hundred cubic centimeters, non- 
protein nitrogen 43 mg. and blood chlorides, 506 mg. In view of the 
normal serum protein, the slightly elevated nonprotcin nitrogen and the 
low chlorides, it was decided to administer a reasonable quantity of 
physiologic solution of sodium chloride intravenously during the first 
few days after operation. For the first eight days an average amount 
of 1 070 cc. of fluid was given intravenously, with an average daily 
salt intake of 8.5 Gm. In .spite of the rather moderate amounts used, 
edema developed in eight days and was accompanied by a iowenng o‘ 

p,!: -s III. .lie HI.. 
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tion satisfactorily, with the result that -vomiting persisted, dehydration 
rapidly returned and death ensued shortly thereafter. As long as 
intravenous administration of fluids was withheld, the serum protein 
did not drop again and edema did not develop, regardless of the rapidl}' 
advancing starv'ation. In other words, the normal level of serum pro- 
tein gave a false idea of the protein content of the tissues and blood, 
and was lowered rapidly with the administration of fluids. Our own 
recent experiments have repeated!}' borne out the fact that long con- 
tinued undernutrition, especially with protein deficienc}', may be asso- 
ciated with a normal or high figure for serum protein -without the 
development of edema, unless sufficient amounts of fluids and salt are 
simultaneously administered. Peters * has noted such a possibility. 

From the foregoing discussion it is evident, we think, that the 
important factors concerned in the development of nutritional edema 
after surgical operation are first an underlying condition of under- 
nutrition, although this is not essential, as shown in the cases of appendi- 
citis. In addition, there must be an actual lowering of the serum 
protein to a critical level by the administration of a somewhat excessive 
amount of fluid. The administration of sodium chloride or alkaline 
salts tends to increase the retention of fluids by the tissues. The 
serum protein may also be lowered by actual loss of blood from hemor- 
rhage. Profuse drainage may accomplish a similar result. Retention 
of fluid and salt may be further aggravated by temporary renal dysfunc- 
tion following some such phenomenon as a severe reaction to transfusion. 
Obviously the food intake after an abdominal operation is limited, and 
particularly in protein, thus constituting an added factor in the con- 
tinued maintenance of a low level of serum protein. 

In addition to the foregoing considerations, it is important to com- 
ment on certain other aspects of the question. 

It is obvious from the preceding discussion that in spite of an 
apparently normal level of serum protein edema may be produced 
rapidly by the administration of amounts of salt-containing fluid that 
would ordinarily cause no trouble. The underlying factors of extreme 
malnutrition and dehydration must, however, be a fundamental back- 
ground for such an occurrence. It remains to ask what is the actual 
critical level for serum protein at which edema begins to develop. 
^'an Slyke and others have apparent!}' shown that a level of 5.5 ±; 
0.3 Gm. per hundred cubic centimeters constitutes the point where 
fluid begins to leave the blood and accumulates in the tissues. Serum 
albumin likewise must fall below a level of 2.5 — 0.2 Gm. per 100 
cubic centimeters before edema develops. E.xamination of our figures 

•1. Peters. J. p.; nruckman, F. S.; Eisenman. H. J. ; Haiti. P. and Wakc- 
nian Tbe Plasma Proteins in Relation to Blood Hydration: \'H. Note 

1 le roltins in .•\cntc Nephrilis. J. Oin. Investipation 11:97, 1932. 
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indicates that these figures apply for the most part. Although the 
actual figures were undoubtedly not obtained at the moment edema 
began to occur, ni most instances the time relation between the two 
was fairly close. In nearly every instance the serum protein was at 
01 below the so-called critical level when edema was noted. An inter- 
esting fact may be noted in case 23. In this patient the serum pro- 
tein was on numerous occasions below 3.5 Gm. without any associated 
edema. ^ In this case an intractable diarrhea prevented sufficient 
absorption of water to occur to permit the development of edema even 
m the presence of an extremely low amount of serum protein, again 
emphasizing the importance of other factors than malnutrition alone. 
This was also the case in the terminal stages of case 11 in which the 
serum protein dropped to 4.4 Gm. per hundred cubic centimeters with- 
out the recurrence of edema. 

From our observations one cannot determine whether the intrav- 
enous administration of fluid and salt causes a greater tendency to 
edema than rectal administration. It probably is true that either of these 
routes will aid in the de%"elopment of edema more quickly than the 
oral or rectal administration. It is also true that postoperatively the 
two former methods are of necessity the methods of choice for 
the maintenance of an adequate prolonged fluid intake. Some experi- 
mental work® would indicate that intravenous administration of fluid 
causes a more rapid drop in serum protein and a correspondingly more 
rapid passing of fluid into the tissues. 

It is of some interest that in at least two instances the finding of 
pulmonary edema was the first indication of an abnormal retention of 
fluids in the tissues, although in most instances the dependent portions 
of the body and the extremities were the first to show edema. 

It is obvious that in most instances the development of edema did 
not per se constitute a grave danger. In several instances, however, it 
apparently retarded the normal functioning of a gastro-enterostoni} 
and rendered convalescence longer and more unpleasant because of 
vomiting. It may be that this is a not too uncommon cause of poody 
functioning gastro-enterostomies during the immediate^ postoperative 
period. In one instance death was undoubtedly caused directly by par- 
tial intestinal obstruction due to edema of the intestinal wall. Oxygen 
therapy was considered necessary in two instances because of extreme 
pulmonaiy edema. The avoidance of such postoperative edema i. 
obviously desirable. A limitation of the quantity of fluids and salt 
administered in cases showing definite malnutrition belore operatm. 
wol seem a logical corollary. In addition, preliminary detenuma- 
on piotein and chlorides rvonid scree as a P-- ' 
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been raised above the critical level. Milk, egg albumin and gelatin are 
the most easily utilized foods for such a purpose. If intestinal edema 
develops after a surgical procedure, it may be combated either by attempt- 
ing to raise the serum protein b}' limiting the intake of water and salt or 
alkali, or by producing a diuresis. When it is impossible to feed large 
amounts of protein, repeated transfusions are of some immediate bene- 
fit and should be considered even in the absence of anemia. Trans- 
fusion of plasma alone would be the most advantageous, if such a 
procedure could be carried out. The most effitient methods of producing 
a diuresis consist in the administration of the mercurial diuretics 
intravenously, or by the intravenous administration of very concen- 
trated solutions of dextrose. Digitalis is of no value. As all the fore- 
going measures for the treatment of edema after it has developed 
demand intensive and sometimes rather heroic action, preventive mea- 
sures are much to be desired. This is especially true because of the 
possible avoidance of postoperative complications and a shortening of 
convalescence, and also because of a possible reduction in operative 
mortality. 

SUMMARY ' I 

1. Data on thirty-four patients who developed a critically low 
amount of serum protein following routine surgical procedures are 
presented. Some degree of edema was present in most of them.' ' ■ 

2. It is suggested that usually such low values for serum protein 
and the consequent edema are the result of undernutrition, which may 
take place both before and after operation. The reduction in the 
intake of protein is probably the most important element in their patho- 
genesis. 

3. Additional factors in the production of these complications may 
be the administration of excessive amounts of fluid and salt after 
operation, especially by the intravenous route, profuse surgical drain- 
age, the general effects of sepsis, loss of serum protein by massive 
hemorrhage and a retention of base due to temporary disturbance of 
renal function. 

« 

4. The possibility has been noted of the occurrence of edema, even 
m the presence of apparently normal values for serum protein. 

5. The possibility of a nutritional edema of the intestinal wall as 
a cause of a poorly functioning gastro-enterostomy has been discussed, 
and the suggestion has been made of the advisability of performing a 
preliminary jejunostomy for feeding purposes in patients who are obvi- 
oush' undernourished and who require major gastric surgical pro- 
cedures. 

fi. The treatment of the complication of postoperative edema has 
ucen discussed. 
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In leccnt ycais the use of culture methods for the isolation of 
luhcrcle hacilli in the diagnosis of tuberculosis has received considerable 
attention. Several methods have been proposed for the isolation of 
tubeiclc bacilli, the hiajority being based on procedures designed to elimi- 
nate possible contaminants and to supplj' the peculiar nutritive require- 
ments of the tubercle bacillus. Thus, the methods of Hohn,'^ Petragnani,- 
Miraglia ® and Loewenstein "* have been employed in various European 
laboratories, while the procedures devised by Petroff,'' Corper and Uyei," 
Sweany and Evano/I ^ and others have received attention in this country. 

Corper and Uyei studied the relative efficiency of various alkali.s 
and acids in destroying contaminants in tuberculous materials. Tlicy 
concluded that acids, as recommended by Loewenstein, were superior to 
alkalis, and of the former, sulphuric acid gave the best results in their 
fir.st .series of tests. Based on this, they first projiosed a method of 
cultivation of tubercle hacilli from tuberculous materials, whicli involved 
treatment of the material witli an equal volume of 6 per cent sulphuric 
acid at 37 C. for thirty mmutes, concentration li}' centrifugation and 
inoculation of the sediment onto crystal violet-potato slants. Crystal 
violet, certified by the Commission on the Standardization of Biological 
Stains, was used as a bacteriostatic agent to inhibit growth of contami- 
nations. A small amount of glycerin broth was jilaced in llie bottom of 
each tube. Corper and Uyei later found that glycerin water could be 
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used in place of the glycerin broth.® They further modified their technic 
by the substitution of 5 per cent oxalic acid for the sulphuric acid used 
in the preliminary treatment of the material to be cultured.® They 
reported that when oxalic acid was used, a greater proportion of the 
tubes inoculated gave growth, and there was an appreciable reduction in 
the number of contaminations. 

The possibilities of the application of the culture method to clinical 
material led us to institute a comparative study of inoculation of guinea- 
pigs and the method of Corper and Uyei in the laboratory diagnosis 
of tuberculosis. 

EXPERIMENTAIv DATA 

Technic . — About two thirds of the specimens used were treated with sulphuric 
acid, as first described by Corper and Uyei, and one-third with oxalic acid. Our 
technic, based on that of Corper and Uyei, is as follows ; 

Five per cent oxalic acid (6 per cent sulphuric acid in the earlier tests) was 
the reagent employed to destroy contaminants. The potato tubes consisted of the 
usual potato cylinder slants which had been soaked for from one to two hours 
in 1 per cent sodium carbonate containing 1 ; 100,000 certified crystal violet. In 
the bottom of the potato tubes was placed 2 cc. of 5 per cent glycerin water. 
Equal volumes of the acid reagent and the material to be examined were placed 
in a IS cc. centrifuge tube, mixed thoroughly by shaking, and incubated at 37 C. 
for thirty minutes. Ten cubic centimeters of sterile salt solution (0.8S per cent) 
was then added ; the mixture was shaken and concentrated by centrifugation. 
Smears of the sediment, stained by the Ziehl-Neelsen method, were always exam- 
ined before the sediment was cultured or injected into a guinea-pig. It is inter- 
esting to note that tubercle bacilli were rarely found in smears of the specimens 
The sediment was inoculated onto four potato slants. The tubes were sealed 
wrfs sealing wax and incubated at 37 C. Tissues to be cultured were first ground 
in a Rosenow tissue crusher and suspended in a few cubic centimeters of sterile 
saline. The suspension was then treated like a fluid specimen, as previously 
described. The method was used with pus, urine, synovial fluid, tissues, pleural 
fluid, sputum and feces. 

The sediment obtained as described was divided into two portions, one portion 
being used for culture and the other for inoculation. The guinea-pigs were inocu- 
lated subcutaneously in the right axilla. The animals were fed on an adequate 
diet and kept in individual cages in clean quarters. 

After incubation of the cultures for fourteen days without opening, they were 
examined at intervals of one week, individual smears being made from each tube 
and stained by the Ziehl-Neelsen method (steaming in fuchsin for ten minutes). 
As soon as typical acid-fast bacilli were found in one or more smears from a 
culture, the guinea-pig inoculated with the same material was killed and autopsy 
performed. If an abscess or necrotic tissue was present at the site of inoculation, 
smears were made and examined for acid-fast bacilli. Portions of the liver, spleen 
and lymphatic tissue at the point of inoculation were taken in a diluted solution 
of formaldehyde, U. S. P. (1; 10) for histologic examination. The cultures were 

8. Corper, H. J., and Uyei, N. ; Simple Glycerol Water-Crystal Violet Potato 

j inder kledium for Diagnostic Cultures of Tubercle Bacilli, Arch. Path. 7:835 
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c 1 " satisfactory growth had occurred. As 

ZJTis t I- on repeated smears, they were examined at weekly 

0^10^ w^ekri K ™ the incubator 

after T weekly for visible growth. At ten weeks, 

after final smears were made and examined, the cultures were discarded, and 
autopsy was performed on the guinea-pigs. Even though no gross lesions were 
lound at autopsy, the liver, spleen and tissue at the point of inoculation were taken 
or histologic c.xamination. This is a routine procedure in this laboratory. Only 
after such examination of cultures and of sections of tissue from the guinea-pigs 
was a specimen considered to be nontuberculous. 


Results with Specimens from Nontuberculous Cases . — One hundred 
and six specimens were studied. These were distributed as follows; 
synovial fluid, sixty-two; urine, twenty-two; pus, ten; tissue, four; 
pleural fluid, five; hydrocele fluid, sputum and stool, one each. 
Of the specimens of synovial fluid, forty-one were from cases of the 
various nontuberculous arthritides, sixteen from cases of sjmovitis, two 
from cases of bursitis and one each from a case of popliteal cyst, a 
possible endothelioma of the distal end of the femur and a case of osteo- 
chondritis dissecans. The twenty-two specimens of urine were from 
sixteen patients, urine from both the right and the left kidney of six 
patients being cultured. Eighteen specimens of urine were obtained 
by cystoscope, and four were specimens from the bladder. The speci- 
mens of pus were from various abscesses and sinuses. The tissues 
represented material taken for biopsy — lymph glands and tissue from 
joints. The specimens of pleural fluid came from cases of pleurisy 
with effusion, simple pleural effusion and neoplasm of the lung. All 
of the specimens used had been sent to the laboratory for routine inocu- 
lation into guinea-pigs, in many instances to rule out the possibility of 


tuberculous infection. 

As indicated previously, cultures of these materials were incubated 
for ten weeks ; smears were made weekly for six weeks, and again at 
ten weeks. Autopsy was performed on the guinea-pigs at the end of 
ten weeks, and sections of their tissues were studied, before they were 
considered to be nontuberculous. Final confirmation of the nontuber- 
culous nature of each specimen was obtained by a study of the individual 
histories, all available diagnostic criteria being taken into consideration. 

The results of the culture and inoculation in these one hundred and 

six parallel tests checked in all except ten cases, in which they were 

obscured either by the premature death of the guinen-pigs or by acc ent 

to the cultures. Five guinea-pigs died of .ntercurrent mfect.on u hm 

n short time after inoculation. In all cases the corrc.spoudmg ctilmrc-s 
a short time at er remaining live mstances 
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faulty thermostat caused the temperature of the incubator to rise to 
55 C. over a week-end. In these five cases, at the end of ten weeks, 
gross and histologic examinations of the corresponding guinea-pigs gave 
negative results. 

In summar}’, therefore, agreement of the results was obtained in 
ninety-six of the nontuberculous specimens. In ten additional cases one 
or the other of the two methods failed, so that comparison was not 
possible. However, in these ten instances presumptive evidence of the 
nontuberculous nature of the material under examination was obtained 
by one method, even though the parallel test could not be used for com- 
parison. In no case was the parallel result lost because of the failure of 
both tests to be carried to completion. 

Results iLKtli Spcchncus from Tiihcrciiloits Cases . — total of forty- 
four specimens from forty-two tuberculous subjects was cultured. The 
distribution of these was : S 3 -novial fluid, eighteen ; pus, eighteen ; urine, 
six, and tissue, two. Of the specimens of srmovial fluids, fifteen were 
from the knee joints, and one each from the elbow, shoulder and hip 
joints. The pus was obtained from various abscesses and sinuses, the 
majority being associated with infections of the bone or joint. Five 
specimens of urine were obtained by cystoscope ; one was a specimen 
from the bladder. From one patient, urine from both the right and 
the left kidne}' was cultured. Both specimens of tissue came from ankle 
joints. 

Thirty-four specimens, from thirtj’-two persons, yielded cultures of 
tubercle bacilli. As indicated previously, the cultures were examined 
b}^ smears of all tubes at weekly intervals until the smears revealed the 
presence of typical acid-fast bacilli. Twelve cultures were first positive 
at two weeks, seven at three weeks, six at four weeks, four at five 
weeks, three at six weeks and one each at seven and ten weeks. In a 
few cases, at various time intervals from two to ten weeks, the positive 
smear coincided with the appearance of macroscopic growth, although 
as a rule the visible growth did not appear until later. A positive diag- 
nosis having been made by smear, the tubes were held in the incubator 
until a satisfactor}- growth occurred, when ther' were placed in stock. 
For diagnosis, Corper and Uyei waited until macroscopic growth 
appeared in their culture tubes ; in the majority of cases this occurred 
at about the fourth or fifth week, although at two weeks gronlh was 
sometimes visible. It would seem that the earlier examination by smear 
possesses a distinct advantage in that the time of arriving at a diagnosis 
IS shortened materially, without any appreciable sacrifice of accuracy. 

When the cultures were positive by smear, the guinea-pigs were 
killed and autopsy performed, tissues being taken for histologic exami- 
nation. Occasionally no gross change was found in the axilla, particu- 
'.rh uhen the guinea-pig was killed at two or three weeks after 



182 


ARCHIVES OF SURGERY 


Jnoculation. Usually there was a small nodule, with or without a caseous 
center, and m some instances there was only a mass of necrotic tissue, 
with no focus therein. Smears were made from the necrotic tissue or 

rom an abscess, when present. The smears generally revealed the 
presence of acid-fast bacilli, but often they were rare and were found 
on y after prolonged search. Abscesses, when present, were small, and 
sometimes palpable, at the time the animal was killed, but of them- 
selves were not sufficient for diagnosis. 

We found that guinea-pigs killed from two to four weeks after 
inoculation (when the cultures were positive) showed no gross tubercles 
in the liver or spleen in about half of the instances. Likewise, histologic 
examination of sections from the liver and spleen was negative for 
tubercles. Indefinite “tubercle-like" bodies were sometimes reported, 
but these were not definite enough to make a diagnosis of tuberculosis 
on the tissues. The diagnosis in these cases was definitely established 
b}'- the positive culture. 

On the other hand, when the cultures first became positive five or 
more weeks after inoculation, guinea-pigs killed at this time invariably 
showed gross evidence of tuberculous infection at autopsy, which was 
confirmed by histologic examination. In all of these, well developed 
abscesses containing acid-fast bacilli were found at the point of 
inoculation. 

In ten of the tuberculous cases the cultures remained sterile for 
ten weeks. The corresponding guinea-pigs in five of these showed 
tuberculosis on gross and microscopic examinations. One was further 
confirmed when a surgical specimen removed some months later showed 
the presence of tuberculosis. 

In three other cases, inoculation into the guinea-pigs gave negative 
results for tuberculosis and the cultures were also negative. Aspirated 
material from three persons with tuberculosis of the knee was used for 
culture and inoculation. Subsequently, tissue removed surgically from 
the knee joints of these three patients was shown histologically to be 
tuberculous, and the clinical course in these cases further confirmed the 


pathologic diagnosis. 

Of still greater interest is a case of tuberculosis of an ankle m a 
woman 42 years of age. In January. 1929, she developed acute pam 
with swelling in the ankle, which after six months became more severe. 
After that, on two occasions, specimens were removed from the tissue 
of the joint which showed histologically typical tuberculosis. 
removed at the second, or fusion, operation was ground in a x 

u .nd nreoared by Corper's technic. Cultures made from 
crusher P P were^sterile after incubation for ten weeks, lake- 
prepared specimen guinea-pig inoculated with a iiortion of 
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scopically. However, at the autopsy of the guinea-pig there was a small 
encapsulated cystic mass in the axilla, containing a milky fluid, in which 
numerous acid-fast bacilli were demonstrated by smear. Culture of 
this fluid remained sterile indefinitely. The question arises in this case 
whether the organisms may not be avirulent for the guinea-pig, the 
local lesion becoming heavily encapsulated, while they still are capable 
of producing lesions in human tissues. Furthermore, an artificial 
environment appears to be unsuitable for their growth. 

In this connection, the guinea-pig inoculated with one of the thirty- 
four positive cultures previously mentioned failed to develop generalized 
tuberculosis, with involvement of the liver and spleen, after six weeks. 
However, tubercle bacilli were found in the axillary abscess, which 
yielded a satisfactor}"^ growth on culture. The original culture when 
inoculated into a guinea-pig killed the animal in thirteen weeks. 

Finally, one case is included of a man with a lesion of the lumbar 
vertebrae, which had all the clinical and roentgenologic appearance of 
Pott’s disease. Two surgical specimens were submitted from the sinus 
tract, both of which showed chronic inflammation, but no evidence of 
tuberculosis. In addition, three guinea-pigs were inoculated with pus 
discharging from the sinus, one of these specimens also being cultured 
by Corper’s method. The cultures and tissues from the guinea-pigs 
failed to reveal either tubercle bacilli or evidence of tuberculous infection. 

Comparison as to agreement of all cultures and inoculations cannot 
be made in this tuberculous series, because the animals were killed as 
soon as the cultures became positive. When the cultures became posi- 
tive within from two to four weeks, the absence of tubercles in the 
liver and spleen merely indicated the lack of dissemination of the infec- 
tion, as tubercle bacilli were usually found at the point of inoculation. 
However, there was actual disagreement of results of the two methods 
m five instances, in which cultures were sterile after incubation for 
ten weeks, while gross and histologic examinations of the corresponding 
guinea-pigs revealed tuberculosis. We have had no instance in which 
the culture became positive, while the guinea-pig failed to show tubercles 
in the liver and spleen, or tubercle bacilli in the axilla after six weeks. 
Furthermore, it is of interest to note that in no instance was it impossi- 
ble to arrive at a definite final diagnosis because of the loss both of the 
animal and of the cultures. 

Contamination of Cultures. — As an important feature of the culture 
method is the use of reagents to destroy contaminating organisms or 
to inhibit their growth, mention of the incidence of contaminated cul- 
tures in this series is of interest. A total of six hundred tubes, represent- 
ing one hundred and fifty specimens, was inoculated. One hundred and 
ei,,bt\'-five, or 30.8 per cent, became contaminated. In practically every 
instance the contaminating organi.sm was a mold. We found that the 
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inoculation. Usually there was a small nodule, with or without a caseous 
center, and in some^ instances there was only a mass of necrotic tissue, 
with no focus therein. Smears were made from the necrotic tissue or 
from an abscess, when present. The smears generally revealed the 
presence of acid-fast bacilli, but often they were rare and were found 
only after prolonged search. Abscesses, when present, were small, and 
sometimes palpable, at the time the animal was killed, but of them- 
selves were not sufficient for diagnosis. 

We found that guinea-pigs killed from two to four weeks after 
inoculation (when the cultures were positive) showed no gross tubercles 
in the liver or spleen in about half of the instances. Likewise, histologic 
examination of sections from the liver and spleen was negative for 
tubercles. Indefinite “tubercle-like” bodies were sometimes reported, 
but these were not definite enough to make a diagnosis of tuberculosis 
on the tissues. The diagnosis in these cases was definitely established 
by the positive culture. 

On the other hand, when the cultures first became positive five or 
more weeks after inoculation, guinea-pigs killed at this time invariably 
showed gross evidence of tuberculous infection at autopsy, which was 
confirmed by histologic examination. In all of these, well developed 
abscesses containing acid-fast bacilli were found at the point of 
inoculation. 

In ten of the tuberculous cases the cultures remained sterile for 
ten weeks. The corresponding guinea-pigs in five of these showed 
tuberculosis on gross and microscopic examinations. One was further 
confirmed when a surgical specimen removed some months later showed 
the presence of tuberculosis. 

In three other cases, inoculation into the guinea-pigs gave negative 
results for tuberculosis and the cultures were also negative. Aspirated 
material from three persons with tuberculosis of the knee was used for 
culture and inoculation. Subsequently, tissue removed surgically from 
the knee joints of these three patients was shown histologically to be 
tuberculous, and the clinical course in these cases further confirmed the 
pathologic diagnosis. 

Of still greater interest is a case of tuberculosis of an ankc in a 
woman 42 years of age. In January, 1929, she developed acute pam 
with swelling in the ankle, which after six months became more severe. 
After that, on two occasions, specimens were removed from the 
of the joint which showed histologically typical tulierculosis. ^ 

removed at the second, or fusion, operation was ground in a tis.m 
crusher and prepared by Corper’s technic. Cultures made from i 
prepared specimen were sterile after incubation for ten vee's. ' 
wise, the liver and spleen of a guinea-pig inoculated with 'J. 
the same specimen were negativ'e for tuberculosis, gross } aiv 
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scopically. However, at the autopsy of the guinea-pig there was a small 
encapsulated cystic mass in the axilla, containing a milky fluid, in which 
numerous acid-fast bacilli were demonstrated by smear. Culture of 
this fluid remained sterile indefinite!}'. The question arises in this case 
whether the organisms may not he avirulent for the guinea-pig, the 
local lesion becoming heavily encapsulated, while they still are capable 
of producing lesions in human tissues. Furthermore, an artificial 
environment appears to be unsuitable for their growth. 

In this connection, the guinea-pig inoculated with one of the thirty- 
four positive cultures previously mentioned failed to develop generalized 
tuberculosis, with involvement of the liver and spleen, after six weeks. 
However, tubercle bacilli were found in the axillary abscess, which 
yielded a satisfactory growth on culture. The original culture when 
inoculated into a guinea-pig killed the animal in thirteen weeks. 

Finally, one case is included of a man with a lesion of the lumbar 
vertebrae, which had all the clinical and roentgenologic appearance of 
Pott’s disease. Two surgical specimens were submitted from the sinus 
tract, both of which showed chronic inflammation, but no evidence of 
tuberculosis. In addition, three guinea-pigs were inoculated with pus 
discharging from the sinus, one of these specimens also being cultured 
by Corper’s method. The cultures and tissues from the guinea-pigs 
failed to reveal either tubercle bacilli or evidence of tuberculous infection. 

Comparison as to agreement of all cultures and inoculations cannot 
be made in this tuberculous series, because the animals were killed as 
soon as the cultures became positive. When the cultures became posi- 
tive within from two to four weeks, the absence of tubercles in the 
liver and spleen merely indicated the lack of dissemination of the infec- 
tion, as tubercle bacilli were usually found at the point of inoculation. 
However, there was actual disagreement of results of the two methods 
in five instances, in which cultures were sterile after incubation for 
ten weeks, while gross and histologic examinations of the corresponding 
guinea-pigs revealed tuberculosis. We have had no instance in which 
the culture became positive, while the guinea-pig failed to show tubercles 
in the liver and spleen, or tubercle bacilli in the axilla after six weeks. 
Furthermore, it is of interest to note that in no instance was it impossi- 
ble to arrive at a definite final diagnosis iiecause of the loss both of the 
animal and of the cultures. 

Contammation of Cultures . — As an important feature of the culture 
method is the use of reagents to destroy contaminating organisms or 
to inhibit their growth, mention of the incidence of contaminated cul- 
tures in this series is of interest. A total of six hundred tubes, represent- 
ing one hundred and fifty specimens, was inoculated. One hundred and 
eighty-five, or 30.8 per cent, liecame contaminated. In practically every 
instance the contaminating organism was a mold. We found that the 
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percentage of contamination occurring in the series treated with oxalic 
^k 1 was appreciably lower than in the series treated with sulphuric acid. 
However, it must be remembered tliat our cultures ^vere repeatedly 
opened for the purpose of making smears. Only a relatively few of the 
contaminations which occurred were found when the tubes were first 
examined at two weeks; thus they represent organisms which resisted 
the original acid treatment. The majority of contaminations occurred 
after the tubes had been opened one or more times. Hence we cannot 
ascribe the apparent difference in degree of contamination of the two 
series to the preliminary treatment. 

In thirty-four cases in which positive cultures were obtained, a total 
of one hundred and thirty-six tubes was inoculated. Twenty-two tubes, 
or 16.1 per cent, became contaminated. Nearl}'- 9 per cent of the contami- 
nations occurred before cultures had become positive, and about 7 per 
cent after the}'’ were positive, as revealed by smear. However, these 
contaminations were so distributed that in nearly every instance two or 
three tubes remained uncontaininated,, in which growth of tubercle 
bacilli eventually occurred. In only one instance was it impossible to 
obtain a stock culture, because all the tubes were eventually covered 
with mold. 

The possibility of contamination may be a valid reason for allowing 
the cultures to remain unopened until a macroscopic growth occurs, 
rather than incur the risk of losing all cultures by the overgrowth of 
contaminating micro-organisms. This difficulty might be obviated by 
adding one or two tubes to each scries of inoculations, which would 
be allowed to remain unopened during the entire period of observation. 
From our experience, the possibility of obtaining a positive diagnosis at 
the earliest opportunity outweighs the relatively infrequent loss of cul- 
tures because of contamination of all tubes of a series. Such loss by 
contamination of all tubes occurred fifteen times in our scries of one 
hundred and fifty cases (10 per cent). This is a statistical percentage, 
however, and does not reveal what actually happened. Fourteen of the.se 
cases of loss occurred in the series treated with sulphuric acid, and only 
one in the series treated with oxalic acid. This is due, we believe, not 
to the method of preliminary treatment (since the tubes were rcpcatcdl) 
opened), but to the fact that the experience gained in handling the tubw 
of the first series resulted in the adoption of refinements in technic 
which yielded definitely fewer contaminations generally in the sccoikI 

series. 

COMMENT 

It is frequently important to arrive at a diagnosis earlier 
allowed by the ordinary inoculation of guinea-pigs. Carper am J}t' 
waited for the development of macroscopic growtli in their cti turf. . 
which usually occurred in four or five weeks, and occasiona } m 
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weeks. We have shown that an early diagnosis by culture may l)e 
obtained by making smears of the cultures at a time when macroscopic 
gro^\d:h has not yet oceurred. and when the guinea-pig docs not show 
any signs of tuberculous infection. We found that twenty-five of 
thirty-four cultures were positive at four weeks or less (twelve were 
positive at two weeks). On gross and histologic examination at this 
time, seventeen of the twenty-five guinea-pigs did not show tuberculosis, 
or at the most the condition was only suspected. When smears are 
positive, the cultures may be reincubated for the development of visible 
growth, which furnishes a positive check on the early diagnosis. The 
possession of cultures makes possible any further work desired, such as 
type differentiation. 

Thus this study brings out the fact that there are two definite 
advantages in the cultural method of diagnosis. One is that, by weekly 
examination of smears from the cultures, it may often be possible to 
make an earlier diagnosis (from two to four weeks) than with the 
routine guinea-pig method. While this is so with the Corper method, 
it is quite likely that some other method, particularly one employing an 
egg medium, would give as satisfactory, if not better, results.'® The 
other advantage of the culture method is that, should the guinea-pig 
die of intercurrent infection, the culture may remain to help establish 
a final diagnosis. Peculiarly enough, this was the case only with our 
nontuberculous material, in which five guinea-pigs died of intercurrent 
infection, while the cultures remained sterile during the entire period of 
observation. 

Mention has been made of the occurrence of palpable abscesses in 
some of the animals soon after inoculation. While it is true that a 
lesion was present in the axilla which could be felt, and that tubercle 
bacilli (although frequentl}’^ rare) could be demonstrated therein by 
smear when autopsy was performed, it must be remembered that the 
mere presence of an abscess in the axilla from two to four weeks after 
inoculation is not always indicative of tuberculous infection, and not a 
sufficient reason for killing the animal at this time. W e have encountered 
a number of cases in which such an abscess persisted for some time 
after inoculation, due presumably to other micro-organisms, which were 
demonstrable by smears. These abscesses eventually disappeared, and 
the animals were shown ultimately by histologic section to be non- 
tuberculous. 

On the whole, we feel that inoculation of animals cannot be sup- 
planted by any culture method. In five of forty-four instances in our 
series (11.3 per cent), the guinea-pigs showed tuberculosis, while their 

10 Feldman. W. H. : Am. J. Clin. Path. 1:285 (Julv) 1931. Hohn.^ Sweany 
and Evanoff.- yj - j ^ 
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corresponding cultures remained sterile for ten weeks. The inoculation 
method Itself has many pitfalls, because of a number of factors which 
are difficult to control. The source of the material used for inoculation 
IS highly important. We have obtained both positive cultures and 
disseminated tuberculosis m guinea-pigs with as little material as is 
contained on a swab introduced into a tuberculous focus. On the other 
hand, it is entirely possible to obtain, as previously indicated, synovial 
fluid from frank tuberculosis of the knee joint, which failed to produce 
tuberculosis in a guinea-pig or yield a growth of tubercle bacilli, while 
the tissue removed at biopsy was unmistakably tuberculous. Even in 
an open operation of a tuberculous focus, it is obvious that tissue may be 
removed which histologically will disclose tuberculosis, while another 
fragment sent to the laboratory for culture and inoculation may rarely 
contain no viable tubercle bacilli or no organisms sufficiently virulent 
to infect an animal. 

It is striking that by the use of the two methods it was possible 
to arrive at a definite final diagnosis in all of the one hundred and 
fifty tests; this would have been impossible had only one of the tests 
been used exclusively. The use both of inoculation and of culture is to 
be preferred, since the loss of one may be compensated for by survival 
of the other test, and, as usually occurs, a check on the results is obtained 
when both tests are carried on to completion. 

An outstanding fact in the discussion of the relative value of inocu- 
lation of animals and of the cultural method in the diagnosis of tuber- 
culosis is the lack of agreement of the various writers on the subject. 
Corper and Uyei ® believe that the cultural method is equal in efficiency 
to the guinea-pig test, and suggest that the cultural method may be sub- 
stituted for inoculation. These conclusions were reached from a study 
of specimens of sputum and urine from persons with tuberculosis, and 
of tissues from animals experimentally infected with tuberculosis. Our 
own experience in handling material from clinical cases, such as arc 
found in an institution in which many persons with bone and joint 
diseases are treated, certainly does not allow the acceptance of such 
a broad recommendation. If we were obliged to limit ourselves to but 
one method, we should prefer the guinea-pig test, on the basis of our 
present results. 

Sweany and Evanofif,^ with their culture mediums, reported some- 
what better results by the cultural method than by the inoculation of 
guinea-pigs. They advocate the use both of cultures and of inoculation 
for diagnostic work, on the assumption that some organisms will grow 
well in cultures, while possessing too low a virulence for gainca-pif,s, 
and that other strains will he pathogenic for animals, but will fim t ic 
artificial environment of a culture medium unsuitable for growth. o'^ 
ever, Feldman also reported slightly better results with the inoculation 
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of guinea-pigs than witli the various culture mediums which he used, 
namely, those of Corper and Uyei, Sweany and Evanoff, and Miraglia. 
Similar disagreement of opinion is found in reports of various European 
authors, some claiming the superiority of inoculation, and others report- 
ing cultures to be at least equal to the guinea-pig tests. 

An objection frequently raised to the guinea-pig method is the loss of 
■'animals by intercurrent infection. It may be pointed out that in this 
series only five guinea-pigs were lost for such a reason. In instances 
like these, the test is almost invariably a failure so far as concerns the 
arrival at a conclusion regarding tuberculous infection, for the animals 
usually die within a week after inoculation. Possibl}" inoculation subcu- 
taneously into tbe axilla, as was done in this series, reduces the possibility 
of intercurrent infection. The small number of such infections in this 
reported series is entirely in accord with our usual results in the ordinary 
routine of the laboratory. Reasons for this, we believe, are found, not 
only in the site selected for inoculation, but in the fact that the animals 
are of a healthy stock, and are kept under good hygienic and feeding 
conditions. 

We have pointed out that a careful examination of smears of the 
sediment obtained by the Corper concentration method rarely revealed 
the presence of acid-fast organisms. Since considerable time is often 
spent on such examinations with negative results, it appears that, for 
practical purposes, this preliminary examination might be omitted, par- 
ticularly when applied to synovial fluid. 

We make it a practice in this laboratory always to confirm the gross 
diagnosis on the liver and spleen of the guinea-pigs by histologic exami- 
nations of these tissues. Many laboratory workers feel that this is an 
unnecessary check. Others feel quite the opposite, stating that non- 
tuberculous infections may be mistaken for tuberculosis on gross exami- 
nation, Our own experience indicates that the gross examination checks 
satisfactorily with the microscopic. However, in spite of this, we have 
established the practice of making histologic examinations, since it adds 
little burden to the routine in a laboratory where tissues are constantly 
being examined. 

SUMMARY AND CONCLUSIONS 

One hundred and fifty specimens (one hundred and six nontubercu- 
lous and forty-four tuberculous) were studied in a series of parallel 
diagnostic tests, inoculation into guinea-pigs and the method of Corper 

and Uyei of cultivation on crystal violet glycerin water potato medium 
being used. 

With ninety-six nontuberculous specimens, agreement of culture and 
animal inoculation was obtained. In ten instances no comparison of the 
results of the two methods could be made — five animals died of inter- 
current infection, and five cultures were lost by contamination or accident. 
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In the tuberculous cases, disagreement occurred in five (11.3 per 
cent), in which the cultures were negative for tuberculosis, while gross 
and histologic examinations of the guinea-pigs gave positive results. 
This shows a definite balance in favor of inoculation of animals. 

It was possible to arrive at a definite final diagnosis in all of the 
one hundred and fifty parallel tests — ^in the great majority of cases by 
agreement of both tests, and in a few either by inoculation of animals 
or by culture, while in no case were both animal and cultures lost. This 
could not have occurred had only one test been used exclusively. 

Thirty-four cultures of tubercle bacilli were obtained from the 
tuberculous material. An early diagnosis (four weeks or less) was 
reached in twenty-five of these cases by making smears from the cul- 
tures ; in these, at the time the smears first showed acid-fast bacilli, the 
cultures were macroscopically negative, and the guinea-pig at autopsy 
did not show tuberculosis, or it was only suspected. 

While contaminations cannot be avoided, and probably are more 
frequent when cultures are opened at intervals for smears, the possibility 
of obtaining a diagnosis at the earliest opportunity appears to outweigh 
the relatively infrequent loss of all culture tubes of a series by contami- 
nation. 

At the present time we do not believe that the cultural method 
should replace inoculation into animals in the diagnosis of tuberculosis.- 
It appears to be preferable, however, to include both methods wheuevei 
possible. The one serves as a check on the other, while the double 
method provides a safeguard against possible loss— by intercurrent infec- 
tion or contamination. 

In the discussion a number of other features are considered con- 
cerning the laboratory diagnosis of tuberculosis. 

The histologic checking of surgical and guinea-pig tissues was made by 
Dr. Henry L. Jaffe. 



BACIOVCHE; LUMBAGO; PAIN IX THE LOWiM 
PART OF THE BACK 

LEONARD W. ELY. M.D. 

?AN TRANCISCO 

^»tore patients present themselves in the orthopedic department of 
the Stanford Clinics with backache than with any other complaint. It 
is frequent in private practice, and is a source of controversy in indus- 
trial accident work. \’arious pathologic entities have been advanced to 
account for it, some of them purely theoretical and. I believe, erroneous. 
To treat the symptom scientifically and indeed successfully one must 
he able to demonstrate definite facts which will account logically for 
the symptoms and clinical signs. Among the diagnoses which I have 
discarded as not satisfying these requirements are renal disease, prostatic 
hypertrophy, neuritis, muscular strain, faulty posture. m\'Ositis, fibro- 
sitis, fasciitis, radiculitis, rheumatism and pressure on the spinal nen-es. 

In order to clarify what follows I shall devote a few words to the 
anatomy of the hones and joints of this region. The bones are the 
three lower lumbar vertebrae, the sacrum and the two innominate bones. 

The bodies of the vertebrae are connected to each other, and the body 
of the fifth lumbar vertebra is connected to the top of the sacrum, with 
which it makes a sharp angle, by the thick fibrocartilaginous disks. 
Between them there is no joint cavity, no synovial membrane. The 
lateral articulations are true joints, allow a small range of motion and 
possess a synovial membrane. The plane of the lateral articulation 
between the fourth and fifth vertebrae, like that of the lumbar articula- 
tions above it, is sagittal; that of the lateral articulation between the 
fifth lumbar vertebra and the sacrum is slightly oblique from the 
coronal. The coronal set of this articulation prevents the displacement 
forward of the fifth lumbar, to which its sharp angulation with the 
sacrum predisposes. The lateral articulations, like any other joints, 
are subject to sprains, i. e., tears of the capsule. The lateral masses 
of the fifth lumbar vertebra are large, and in the roentgenogram appear 
to impinge on the wings of the ilium, but in point of fact normally are 

separated from it by a good interval, as a glance at the skeleton will 
show. 

The spinal foramina give egress to the spinal nerves, the roots of 
the sacral plexus. They are of such size and are so placed as to render 
untenable the assumption that the spinal nerves are ever compromised 

From the Department of Orthopaedic Surgery of Leland Stanford University. 
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as ihvy pass (hrougli llie foramina. Indeed, if the spinal nerves ever 
^vere pres.sed on l)y bone in ibis sittintion, extensive and prolonged 
jniralyses would result. These arc not seen unless the cord itself is 
d:uuaged by injury or disease. 

J lie sacrum is wedged between the innominate bones like the key- 
stone of an arch. The sacro-iJiac is a true joint lined by irregular 
hbrocartdage. It possesses a limited range of motion, chiefly of rota- 
tion of the ilium. Iliis rotation causes tlie pubes to move up or down. 
In henry lifting, the sacrum is forced down between the ilia, spreading 
them fipatt. lo demonstrate this, let one place a belt snugly about the 
peh’is just aliove the femoral twchnnters, and then, bending forward, 
lift a heavy weight from the ground. If the belt is weak, it will break. 
Motion in the sacro-iliac joint lessens as age advances, and recent inves- 
tigations show (hat in time the joint is often obliterated by bone. 


“During pregnancy the pelvic joints and ligaments are relaxed, and 
capable therefore of more extensive movements” (Gray) ; hence, 
probabh*, the backaches of women during the child-bearing period. The 
pelvic joints arc built for stability, not for mobility. When, during 
pregnancy, tliey allow a free motion, they are easily sprained, strained 
or even, as will be seen later, actually' displaced. Of the truth of this 
statement any one can convince himself by' apply'ing a snug belt, 
akvays bcloxv the aiitcriorsiipcnor spines of flic ilium, to women who 
complain of backache during pregnajicy and after confinement. 


THE SPECIFIC CAUSES OF BACKACHE 

Arthritis . — Little need be said here as to the relation of cause and 
effect. While ideas of treatment may differ, if the clinical signs and the 
roentgenograms reveal the presence of a lumbar arthritis, the sequence 
of cause and effect is unmistakable. Let me repeat here that pressure 
on the spinal nerves inlays no greater role in causing the pain in inflam- 
mation of the spinal joints than in inflammation in the other joints 
of the body. The cardinal sy'inptoms and phy'sical signs are the same 
in both, except that the depth of the spinal joints prevents one from 
observing swelling, heat or sensitiveness to pressure. The pain may 
be felt in the back alone, or it may' be referred down the sciatic distribu- 
tion. It is a true referred pain. When painful stimuli come in over 
a certain nerve tract, one refers them to the area from which one is 
accustomed to receive sensations over this tract, as a man whose leg 
has been amputated feels pain in his foot. Hence, if I have an inflam- 
mation in my' lateral articulations, I may' complain of ty'pical sciatica. 

The importance of the lateral articulations in spinal arthritis has, 

I believe, been overlooked. They' should be studied in anatomic 
mens. The roughnesses and irregularities, the “spurring" and “lipping, 
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of second tvpc arthritis, so frequently seen, explains adequately the 
lumbago and sciatica of middle-aged and elderly persons. Indeed, it 
is possible that these bony changes in the lateral articulations are much 
more important clinically than arc the enormous spikes and ridges of the 
vertebral bodies on which physicians fix attention. 

One thing is important in this connection ; Xo constant relation 
exists in this type of arthritis between the amount of anatomic change 
and the clinical picture. A man with a minimal amount of spurring 
may complain of great pain, while the roentgenograms of the lumbar 
spine may reveal extensive damage in the joints of a man who does not 
complain of pain. The characteristic changes are often picked up as an 
accidental finding in roentgenograms of other organs. These joints, 
already damaged b\' the disease, are easily sprained. They are like an}' 
other damaged machine. If a man suffers a sudden pain in his back 
after lifting or falling, and the films show advanced changes in the bone 
on the same day, they must not be ascribed to the injury. 

The treatment of the various forms of arthritis is still a matter of 
discussion, and I shall not enter into it here at length, but I shall 
reiterate what I have set forth on numerous occasions. Second type 
arthritis — degenerative arthritis, hypertrophic arthritis, osteo-arthritis, 
the arthritis deformans of the Germans, the arthritis characterized by 
lipping and spurring — is not caused by bacterial infection. All the 
evidence at one’s disposal indicates that the cause is some living organism, 
not bacterial, which usual!}- gains access to the bod}- through the open 
bone at the roots of dead teeth. All the changes observed in the bones 
and joints in this form of arthritis are absolutely different from those 
caused by bacteria. Further laboratory studies, which I hope soon to 
publish, confirm the conclusion set forth years ago, that the primary 
pathologic change is an aseptic necrosis in the bone marrow near 
the joint. The arthritis which follows, that is, the inflammation in the 
synovial membrane, is essentially a traumatic arthritis, caused by the 
distortion of the end of the bone. It follows that any attempts to treat 
the disease by removal of infection in the tonsil or deep urethra, by the 
employment of so-called antirheumatic drugs, vaccines and elaborate 
physical therapy or by attention to the metabolism are doomed to dis- 
appointment. The same may be said for operations on the intestinal 
tract. Even diet is secondary. The supposititious causal organism is 
probably domiciled in the alimentary canal, and usually the patient with 
this form of arthritis feels better when his digestive system is in order. 
Hence he should eat the kind of food which agrees with him. The 
present fashion of weighing the carbohydrate metabolism reminds one 
of the Saulsbury treatment with rare beef and hot water, a fad of fifty 
}ears ago. A short time ago the important thing was purin metabolism. 



192 


ARCHiVUS OP SURGERY 


nc form of trentinenl u'lnch never loses its vogue might be called the 
amhiilaiory Irealmenl. It consists in sending the patient to some one 
else \vIio u-ill cure by diet, irradiation, heat, electricity, massage, or 

other forms of thcrajyv. Osteopathy, chiropractic and faith healing are 
on the same basis. 


Practurc. bractures of the s])ine are often followed by persistent 
backache. esi)ecinlly if the vertebrae already have been damaged by a 
])iecxisting chionic arthritis. The pain ma\' be localized or may be in 
the loim of t 3 ’j)ical root pain. Sometimes it runs down the thighs as a 
sciatica, i he diagnosis may be made tentatively from the history and 
fiom the .s\'mptoms and jrhysical signs. A hump ma}' or may not be 
jirescnt. Limitation of motion is the rule. The final diagnosis is estab- 
lished b}- the roentgenograms. 

1 he most satisfactory treatment is by immobilization. For the 
milder pains, and especially for elderly persons, a light steel brace is 
perhaps the best. In younger persons the case is not so simple. Some 
authorities recommend treatment with a brace, continued for a long 
time on account of the notorious!}' slow healing of spinal fractures. I 
incline strongly to operation in any case of severe persistent pain after 
fracture, fusing the fractured vertebra with the one above and below 
it. This puts the damaged jfiece of machinery out of function. In fact, 
in any fresh crushing fracture without injury to the cord, in a healthy 
young person, I always urge operation. This might be regarded as the 
preventive treatment of backache. 

Spondylolisthesis . — The acute angulation forward which the spine 
makes at the sacrolumbar articulation predisposes to the slipping forward 
of the fifth lumbar vertebra on the sacrum — spondylolisthesis — under 
stress. A sagittal plane to the lateral articulations also predisposes to 
the subluxation, as does any destructive osteomyelitis, or rather arth- 
ritis. The lesion is rather rare, and occasions persistent backache. The 
machine here is damaged, out of gear. The joints in the vicinity are 
strained and sprained when they are used, especially if they are exposed 
to hard usage. In rare instances the fourth lumbar vertebra slips for- 
ward on the fifth. 

The only rational treatment for spondylolisthesis is rest. A light 
steel brace ma}' be worn by the patient as a palliative measure, especial!} 
by older persons, but the only curative treatment is to cause by operation 
a bony ankylosis between the sacrum and the fifth lumbar vertebra. The 
pain is caused by motion in the distorted joints. It ceases when motion 
ceases. The actual forward displacement of one bone on the other can- 
not be corrected, and is of no moment. I speak, of course, of tlic 
moderately severe cases showing no damage to the cord, sucli as arc 
found in patients complaining only of backache. The operation vt 
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tax one's ingenuity it the posterior wall of the proximal part of the 
sacral canal is lacking. 

Kissing Spines . — Normally between the spinous processes a distinct 
interval exists. In certain cases this interval is diminished, and the 
spines may be brought into contact, or even occasionally overlap. In 
the roentgenograms a condensation of the bone may be detected on the 
margin of each spine where it is in contact with the other. A super- 
numerary joint is thus formed, where it does not belong, and instead 
of two lateral joints on which the vertebrae swing forward and back- 
ward, as on a hinge, the patient has three, arranged as a triangle. Any 
one or all of these may be sprained, giving a lumbago, a sciatica or both. 
Some specimens of spinous processes in my possession show cartilage 
on the margin of the spine, and that the spines are actually in contact 



Fig- 1. — A, spondylolisthesis, the result of smallpox with spondylitis eight years 
previously. This caused severe backache and attacks of paralysis. The patient was 
cured by the insertion of a bone graft. B, spondylolisthesis, probably the result of 
typhoid thirty years previous!}-. Kote the evidence of disease in the third and 
fourth lumbar vertebrae and the spurring of the fifth. The patient has suffered 
trom backache for many years, but won a heavyweight wrestling contest five years 
after typhoid, and still indulges in hard physical work. C, anteroposterior view 
of the spine shown in B. Kote the bony bridge between the third and fourth lum- 
bar vertebrae, and the irregularities in the lateral articulations. 

cat! be demonstrated at operation. A joint in this situation is exposed 
to constant sprain. 

This is a comparative! rare cause of backache, but, I believe, a 
^eiy real one. The physical signs are not clearcut. In spite of the 
pam, motion, except in extension, is not usually restricted. A list of the 
trunk maj' be present. The diagnosis is made by means of the roent- 
genograms, and is usually missed by' the roentgenographer. The pos- 
sibility of the lesion should be kept in mind. 
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1 f motion in the lumbar spine is restricted by a brace, the pain will 
l)t. lessened, but the only rational treatment is operative. An ankl 3 'osing 
opci.ition m.ay be done on the two vertebrae the spines of which impinge, 
or better \’et, and far simpler, one or Ijoth spines ina}’^ be amputated with 
a pair of Jdibbs bone forceps close to their origin from the arches. 

Coiigi'iiila! Aiioiitaiics. — Apparentl}’' the spine in the lumbosacral 
region is undergoing evolution in the human race. The fifth lumbar 
I’crtebra may actuall}’ be incorporated with the sacrum, to form a sacral 
.segment, or the first sacral segment may form a part of the lumbar spine 



Pig_ 2. — Kissing spines. Note the approximation of the spine of the fourth 
vertebra to that of the fifth, with the squaring and condensation of their contigu- 
ous surfaces. The patient was a man of 56, who also had second type art 
determined by examination of a piece of a lateral articulation obtained at a i 
operation. 

as a sixth lumbar vertebra. Whether or not the variation constitutes a 

weakness I do not know. . 

A change in the plane of the lateral lumbosacral articulations pre 

disposes to spondylolisthesis, as has been noted. Sometimes these articu- 
lations are in different planes, sagittal on one side and coronal on 
other. Now the machine is out of gear. It is easily ' 

other machine would be which did not work smoothl) . ic join 
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strained and sprained. Backache is common, and is frequently quite 
severe. Strangely enougii, in tin's case, as in the other congenital 
anomalies, the backache rarely makes its appearance until the third 
decade of life. The tissues seem to be elastic enough to adapt them- 
selves to the condition until that period. 

Variations in the size and shape of the lateral processes are frequent. 
They may vary in size on the two sides, without causing symptoms, but 
when one of them is incorporated with the first segment of the sacrum, 



Fig. 3. — Low power photomicrograph of a piece of one of the spines shown in 
figure 2. Cartilage cells appear in the fibrous tissue close to the bone, and between 
them and the bone is a strip of calcified fibrous tissue. 

or IS so large and of such a shape as to articulate with the sacrum or 
nith the ilium, this portion of the spine, viewed as a machine, functions 
badly. It is exposed to strains. Its joints are frequently sprained. 
They become repeatedly the seat of a traumatic arthritis. Pain is felt 
in the back and, as in the other lesions in this vicinity, is referred down 
the sciatic distribution. If the two lateral processes are enlarged sym- 
metrically and articulate with the pelvic bones, the presence of the extra 



Fig, 4. — A, low power photomicrograph of a piece of a spinous process removed 
from another patient. Note the layer of calcified fibrocartilagc adjoining the bone. 
B, loAV power photomicrograph of a piece of a spinous process removed from 
another patient. Most of the field is occupied by a calcified area of necrotic tissue. 
In the fibrous tissue between it and the bone appear cartilage cells. 
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joints must predispose to injury. .to traumatic arthritis. In any of these 
conditions one can estaijli.'^h with the roentgenograms a definite ana- 
tomic fact which can e.xjilain the symptoms of which the jiatient 
complains. 

On the other hand, asymmetry in itself is no cause of backache, 
provided that the joints arc not sprained. The roentgenograms .show 
all sorts of distortions and changes in the shape of the vcrtelirae in 
scoliosis, for instance, and the patient may suffer no pain whatever. 
This makes one suspicious of such vague terms as “static joint diseases” 
(Preiser), “balance” or "iiosture.” In this connection the reader is 
referred to an e.xcellent jiajicr by the late Ivobcrt Patek of the Stanford 


■■■■>»■ ■ 



Fig. 5. — A, lateral articulations between the fifth lumbar vertebra and the 
sacrum are in different planes, sagittal on one side and coronal on the other. 
B, congenital anomaly of the fifth lumbar vertebra. Large lateral processes articu- 
late with the sacrum, and on one side probably with the ilium. C, congenital 
anomaly of the fifth lumbar vertebra. The large lateral process on one side 
articulates with the sacrum. 

Clinic, which has not received the attention it merits, perhaps because 
it contained little of theory and much of fact.*^ 

One s chief efforts in these cases are to be directed to limiting motion 
in the lumbosacral region, and hence to protecting the joints from sprain. 
The required restraint may be furnished by a light steel brace, or an 
operation may be necessary. Perhaps the simplest way out is to ankylose 

1. Patek, Robert: Static Deformities as a Factor in the Production of 
so-Called Hypertrophic .Arthritis, J. Orthop. Surg. 19:324, 1921. 
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the fifth lumbar vertebra to the sacrum. Some operators advise the 
amjmtation of a large winglike lateral process on the fifth lumbar 
vertebra, but the operation is tlifficult and Ifioody, and carries a heavy 
danger of injury to the spinal nerve roots. The other operation is 
easier and eminently .satisfactory^. 

^^'ithout the .same definite relation of cause and effect — and I there- 
loic hesitate to include it here — is the backache suffered by^ persons who 
lack a jiroper range of dorsal flexion in their ankle joints, that is, whose 



Fig. 6. — Congenital anomaly of the first sacral segment. It forms a sixth 
lumbar vertebra with a large lateral process on one side, articulating with the 
sacrum itself. 


calf muscles are short. In cases of persistent backache, for which no 
other cause can be found, I suggest this comparatively frequent defor- 
mity" be sought. In the milder cases, high heels suffice for treatment. 
In severe cases, the tendo calcaneus should be lengthened. 

Lesions of the Sacro-lliac Joint . — Infectious arthritis is a compara- 
tively" frequent cause of backache. With this backache a persistent 
sciatica is associated. Sensitiveness over the joint is present, and, 
especially" in tuberculosis, sensitiveness over the anterior aspect^ of the 
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joint, with infiltration, can be detected by palpation with the finger in 
the rectum. With this disease the patient will limp, and his trunk in 
standing will exhibit a lurch away from the affected side. The lumbar 
muscles show the characteristic spasm, and motion in the lumbar spine, 
especially flexion, is decidedly limited. The roentgenograms confirm the. 
diagnosis. The only known satisfactory treatment of sacro-iliac tuber- 
culosis is operative ankylosis. With any other treatment the outcome is 
practically invariably fatal. 



Fig. 7. — Tuberculosis of the sacro-iliac joint. 


Sacro-lUac Displacement . — Under this and various other names — 
sacro-ihac slip, sacro-iliac sprain, sacro-iliac subluxation, pubic subluxa- 
tion, rotation of the innominate bone — a lesion has been described which 
has occasioned a great amount of controversy. The existence of any 
such lesion has been disputed. A glance into the past may help one 
to understand the matter. 

Older physicians will recall the standard treatment for sciatica. It 
consisted in “stretching the sciatic nerve.” This was supposed to free 
It from inflammatory adhesions. Under narcosis the thigh on the 
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aficck'cl suio of the supine patient was flexed to a right angle, and then 
the leg was forcibly extended, the so-called Kernig manipulation. Some- 
times the flexion of the entire extremity was carried to such an extent 
that the foot approached the patient’s face. Paralysis of the sciatic 
net VC has been caused in this wa\'. d'his was the so-called dry stretch- 
iik. If the niimipttlation were not successful, bloody stretching was 
done at a later time. The sciatic nerve was exposed in the back of the 
thigh, and the delicate coiuiections of the Jterve tvith the tissues in tvhich 
it 1,1} were identified as adhesions. The operator then hooked his first 
and second fingers under the nerve, separated the “adhesions” through- 
out tile extent of its exposed portion and then stretched the nerve by 
almost lifting the patient from the table. In spite of the absurd theory 
on which these operations were done, the fact that the}’’ often were 
successful appeared to justify it. 



Fig_ 8. — pubic sublu.xatiou ; rotation of tlie innominate bone. This picture 
was taken with the patient prone. It shows tJie pubes sliglitly higher on the right. 
ff, this picture of the same patient, standing with her weight on the right foot, 
shows how the displacement is increased. C, in this picture the patient stands on 
her left foot, and the displacement disappears. A, B and C present the classic 
pictures of this lesion. When the rotation has been corrected b}' manipulation, 
these displacements are not obtained. 


About twent}’-five yeans ago a reformed osteopath, studying medicine 
at Harvard Medical School, interested the orthopedic staff in the subject 
of slip of the sacro-iliac joint as a cause of lumbago and sciatica, an 
precipitated a controversy which has endured to the present. The tie, at 
ment recommended was essentially the same as that for stretching t ic 
sciatic nerve, except that for bloody stretching was substituted simp e 
forced superextension of the thigh on the body. 

A fairly definite symptomatology was built up for the lesioii. > s ^ 
rule, the onset was sudden. The patient, w'hile lifting or straining, ^ 
a sudden pain in the region of the sacro-iliac joint, which often nan 



ELY— BACKACHE 


201 


clown the sciatic distribution. This often completely incapacitated him. 
All motions in the lower part of the spine were im|rossihle. the lumbar 
muscles were in spasm and the trunk was drawn over to the side. The 
Kernig sign was strongly positive. Sensitiveness of the sacro-iliac joint 
to deep pressure was present, but the patient did not limj). 

The treatment outlined usually was successful, when care had been 
used in the diagnosis. Often during the manipulation a slight click 
could be felt, or even Ijc distinctly heard by bystanders. However, the 
fact that no displacement could ever be detected by roentgenograms cast 
doubt on the correctness of the diagnosis. About ten years ago Dr. H. 
R. Allen of Indianapolis advanced the idea that the displacement of the 
sacro-iliac joint was not up or down, but was simply a fixed rotation 
of the ilium on the sacrum, and that the place to look for its manifesta- 
tion was not at this joint I)ut at the s\-mphysis pubis. As Dr. Allen 
expressed it tersely, if one wanted to the tell the time, one would not 
look at the center arbor of the time piece around which the hands move, 
but out at the ends of the hands. This was done, the fi.xed displacement 
was identified at the symphysis pubis and for many the problem -was 
solved. Unfortunately, the idea does not seem to have attracted much 
attention. It e.xplains well how treatment hitherto carried out on an 
erroneous theory was nevertheless successful. 

The displacement of the pubes is usually upward on the affected side. 
If, then, the usual first maneuver of replacement is tried — the forced 
Kernig maneuver, dry stretching of the sciatic nerve — the hamstring 
muscles, attached to the tibia and to the ischial tuberosity, will pull the 
os innominatum in such a way as to increase the displacement. “Dry 
stretching’’ of the sciatic nerve will not cure the condition. If the patient 
is turned on his face, and if his thigh is then superextended, b}- simple 
manipulation, or after incision and “freeing of sciatic adhesions,” the 
T ligament will pull the pubes downward and reduce the displacement. 

Occasionally the displacement of the pubes is downward, on the 
affected side. Then the forced Kernig manipulation will reduce it. 

Here then is a set of symptoms and clinical signs perfectly compatible 
with a diagnosis of a sprain of the sacro-iliac joint. Roentgenograms 
of the symphysis pubis show an anatomic condition capable of explaining 
the sacro-iliac sprain. When the displacement of the pubes is corrected, 
as shown roentgenologicalh% the symptoms and ph3"sical signs disappear, 
leaving perhaps onty a slight feeling of soreness. If the clinical picture 
presents itself again, the procedure can be repeated. It should not be 
necessary to add that the simple manipulation here described would not 
cure an inflammation of the sciatic nerve, a ffbrositis, a myositis, a 
fasciitis, a radiculitis or the results of pressure on a spinal nerve. 
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Ncoplosiiis. — !Maliy;n.'iiU Ijony growths can cause an agonizing back- 
achc, for whicli nothing but narcotics can be prescribed. Their presence 
should always be suspected, jiarticularly in persons suffering from malig- 
nant growths elsewhere. 

CONCLUSION 

I have detailed lesions of the motor apparatus which can be estab- 
lished as a reasonable cause for the backaches seen in the clinic and in 
private ])ractice. In the treatment of this symptom one should rely on 
facts rather than on theories. In diseases and injuries of bones and 
joints one must adopt the methods of modern medicine. One must 
discount the extravagant claims of cure made by the advocate of some 
peculiar means of treatment, and must demand some concrete evidence 
of the truth of his claims. Here as elsewhere in medicine one’s ideas 
must be based on the correlation of sound pathologic observation, clinical 
evidence and experiment. 

Stanford University Hospital. 



BONE AND CALCULI IX THE COLLECTING 
TUBULES OF THE KIDNEY 

C. B. HUGGINS, M.D. 

cftrCAGO 

In this paper the occurrence ot bone in the human kidney in close 
association with parenchymatous stones will be described and its bearing 
on the theory of osteogenesis pointed out. 

The occurrence of bone in the kidney under experimental conditions 
has attracted much study since the original demonstration by Sacerdotti 
and Frattin ^ (1901). It had long been demonstrated that following 
ligation of the renal artery or artery and veins, there occurs a massive 
necrosis of the renal substance, but not of the renal pelvis and ureter 
because of a different vascular supply. Extensive calcification of the 
necrotic renal tissue occurs within a few days (Blessig-), and bone^ 
develops some weeks later, forming chiefly and constantly beneath the 
mucosa of the pelvis with spurs extending into the remains of the kidney. 
The demonstration^ of a bone-stimulating effect of the epithelium of 
the renal pelvis makes it probable that this was the cause of the bone 
formation in the experiments of Sacerdotti-Frattin, especially since it 
does not occur if the epithelium of the pelvis dies, for example, as a 
result of ligation of the ureter and the renal artery simultaneously. 

Bone formation in the kidney in man associated with renal calculi 
was first demonstrated Ijy Phemister,^ who ol)served it in three instances 
in two patients. In each instance living spong)' bone with fibrous and 
fatty marrow occurred in a pedunculated mass of fibrous tissue attached 
to the renal pelvis and partly surrounded by stone. The inorganic 
portion of the stone was mainl}' calcium oxalate, with lesser amounts 
of calcium carbonate and phosphate. A similar kind of bone asso- 

From the Department of Surgery of the University of Chicago. 

1. Sacerdotti, C., and Frattin, G. : Ueber die heteroplastische Knochenbildung, 
Arch. f. path. Anat. 168:431, 1902. 

2. Blessig ; Ueber die Veranderungen der Niere nach Unterbindung der 
^leren Arterie, Virchows Arch. f. path. Anat. 16:120, 1859. 

3. Huggins, C. B ; Influence of Urinary Tract Mucosa on the Experimental 
Production of Bone, Proc. Soc. Exper. Biol. & Med. 27:349, 1930; The Forma- 
1 ' 21 ' Bone Under the Influence of Epithelium of the Urinary Tract, Arch. Surg. 

(^larch) 1931; Transplantation of Ureteral Segments to the Abdominal 
Wall. Proc. Soc. Exper. Biol. & Med. 28:125, 1930. 

1 1 Fhernister, D. B. ; Ossification in Kidney Stones Attached to the Renal 
t'elvis, Ann. Surg. 78:239, 1923. 
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cialcc! with renal calculi occurring in pedunculated masses in the renal 
pelvis and in jiart beneath the epithelium of the pelvis has recently 
lieen described by Hellstrbm."' 

1 .irtial replacement by bone of calcified areas in tuberculosis of the 
kidney, hypernephroma ' and dermoid cysts of the kidney « has been 
observed. 

(lijJeient t}’pe of bone forniation in the human kidney, conipa- 
itible to the Sacerdolli-]-* ratlin experiment, was recently described by 
Schmorl.' Complete inlarction of the blood supply'^ of the kidney 
occuired with subsequent formation of bone beneath the mucosa of the 
pelvis. Ibis is the only example of its kind in the literature. 

Bone occurring under still ditt event conditions was recently observed 
in the hi.stologic e.xamination of two human kidneys extirpated because 
of renal calculous disease. In the first case the bone was of a size 
easily visible to the unaided eye : in the second, it was of microscopic 
dimensions. 

C.ASE REPORTS 

Case 1. — History . — A man. aged 41, entered the Universit}' of Chicago Clinics 
complaining of left lumbar colic radiating to the groin, of four years’ duration. Pus 
had been present in the urine for at least a year, and a stone had been passed on five 
occa.sions, jRoentgenograms of the region of the kidney demonstrated rapid 
growth in the size of the stone in the last si.x months. Slight pain in the loin 
was elicited on palpation. The urine contained a moderate number of leukocytes 
and erythrocytes, found on cystoscopy to be coming entirely from the left kidney. 
The left kidney was found infected with Staphylococcus aureus. Left nephrectomy 
was done. Roentgenograms of the excised kidney before and after injection of 
sodium iodide showed in the lower pole in addition to other shadows a crenated 
shadow of the density^ of calcium (figs. 1 and 2) which was the bone described in 
detail under gross pathologic examination. 

Gross Pathologic Examination. — The kidneys was symmetrically" enlarged and 
weighed 190 Gm. The capsule stripped readily". The pelvis contained 30 cc. of 
purulent urine, two large and many" small calculi. In the lower pole of the kidney 
was a calcified mass about 0.5 by" 0.5 by" 0.3 cm. situated in one of the renal papillae 
and densely adherent to its surroundings. This was e.xcised in situ, fixed ni 
forma ldehy"de, placed in 5 per cent nitric acid for seven day's, and sectioned ni 
paraffin. 

Microscopic Examination. — This last mentioned calcified area was composed 
chiefly of spongy" bone, and to a much less extent of stone. It was situated in the 
parenchy"ma of the kidney" in one of the collecting tubules ; most of the epithelinni 
lining the tubule had disappeared, but in several areas the cuboidal epithelial lining 
had been well preserved and served to identify' the tubule. There was a clc t 
(fig, 3) separating the calcified mass from the wall of the tubule and the ren.s 
medulla, in places interrupted by fibrovascular invasions entering the bone, carrying 

5. Hellstrdm, J. : Ein Fall von metaplastischcr Knochenbildung in der Xiere 
in Zusammenhang mit A^ierenstein, Ztschr. f. Urol. 25:401, 1931. 

6. Pick, Ludwig; Personal communication. 

7. Schmorl, G. : Verhandl. d, deutseb. path. Gcsellsch. 25:190, 1930. 
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Fig. 1 (case 1). — Roentgenogram of excised kidney containing many calculi and 
bone. The bone is the crenated shadow (A). 



Fig. 2 (case 1). — Renal pelvis injected with sodium iodide. The bone is oppo- 
site the arrow. 
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its l)lootl si)i)i)ly. ’J'lic hoiic was cancellous in structure, containing fibrous and 
fatly marrow. 1 lie hone lacunae were filled for the most part with typical living 
hone cells with easily deinonstrahle canaliculi (fig. 4). 

An interesting relationship e.visted hetween the hone and the calculous material. 
In each of the sections containing hone, the matrix of the inorganic calculus 
might he seen, hut more in the jn.vtapcjvic than in the deeper lying areas of the 
hone. In the former areas, the margin of the hone was nearly surrounded by the 












1 








Fie-. 3 (case 1 ) .—Photomicrograph showing appro.ximately two thirds o i 
extent of the bone in the kidney; X 25. Note cleft (c) between the calcifie m 
and the parenchyma. 

concentrically laminated, escalloped stone which near the peripiico^ 
continuous band of a heavily pigmented, brown amorphous material J, 

from the rest of the stone (fig. 5). The stone was easily recognized and presc i 
a concentrically ringed, acellular form, staining deeply blue with hcmato.xyhn 
concentric laminations of the stone were visible only at the 
hone. The center of the bone was occupied in part by crystalline an 
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stone material, presenting irregularly curved and angled spaces. In places this 
material had disappeared, leaving only empty clefts of bizarre shape, mostly with 
acute angles (fig. 5). 

In many places the laminated, acellular stone merged with the living bone in an 
unmistakable manner, and the bone seemed to have been molded in the form 
previously occupied by the stone (fig. 6). There was thus no distinct boundary 
between the bone and the stone in these locations. 



Fig. 4 (case 1). — Photomicrograph showing the bone lacunae and canaliculi; 
X 325. 


Otherwise, sections taken through the renal substance in several places showed 
essentially normal appearing glomeruli, a few of which were undergoing calcifica- 
tion. There were numerous areas of Iymphoc 3 'tic infiltration throughout the 
parenchyma of the kidney. In several locations in the pj'ramids calcareous, con- 
centrically laminated calculi might be seen in dilated tubules of the renal papillae 
(fig. 5 C). 


.■H^CIJIFES OV SURGERY 

Cask 2.~Ifistory.—A woman, aged 30, entered the University of Chicago 
Clinics complaining of a constant sharp pain in the left loin, of one week’s duration, 
I revioiisly well, she develoi'ed six weeks before a mild acute respiratory infection 
iiccoin[i.inied liy vagne ahdoniinal discomfort and constipation lasting the greater 
piirt of fue weeks: recently left renal colic developed. There were no urinary 
syinjdoins. l-ixannnation disclosed tenderness in the region of the left kidnej-. The 
urine at first c.xann'nation was normal; later it contained many polymorphonuclear 












Fig. 5 (case 1).— The margin of the stone, showing the escalloped edge, heauly 
igmented brown band (^) and bone (F),and containing irregularly shaped clefts; 
( SO. A microlith is seen at C. 


leukocytes. Roentgen examination showed many diffuse radiopaque spots in t! 
region of the left kidney with a shadow of a ureteral stone opposite the spine o 
second lumbar vertebra. Cystoscopy demonstrated lack of function from t le c 
kidney and an impassable obstruction in the upper ureter. Exploration ot 
kidney showed an impacted stone in the upper ureter, but no free stones m 
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renal pelvis ; the renal papillae were loaded with small calculi. Complete removal 
of all the calculi was impossilile e.xcept by nephrectomy, which was done. 

Gross Pathologic Ilxaminatiou . — The kidney was moderately enlarged and 
edematous and weighed 2-10 Gm. The fibrous capsule stripped easily. A stone was 
found impacted 1 cm. below the urcteropelvic junction. The renal pelvis was 
lined with a hemorrhagic, swollen mucosa, and contained no stones. In each of 



Fig. 6 (case 1). — An area where direct union maj’ be seen between the laminated 
•stone iS) and bone {B) ; X 85. This direct invasive replacement of the stone by 
bone was seen in many areas in the sections. 

the papillary regions of the renal pyramids, a collection of small, hard, black 
stones, some as large as 0.5 cm. in diameter was found. These areas were 
excised for microscopic examination. Chemical analysis of one of the stones 
showed: nitrogen, 1.1 per cent; tertiary calcium phosphate, 10.4 per cent; calcium 
as oxalate, 75.8 per cent ; unaccounted for, 12.7 per cent. Culture from the renal pelvis 
was sterile. 











Fig. 7 (case 2), — Longitudinal section through pyramid showing calculi in col- 
lecting tubules; X 10- 
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Microscopic E.vniniiiatioii . — Moderate edema of the renal parenchyma was seen 
with slight extravasation of blood and collections of leukocytes, especially beneath 
the pelvic mucosa. There was a protein exudate in many of the tubules and 
moderate dilatation of some of the convoluted tubules. 

The chief interest centered in the papillae, where most of the collecting tubules 
were dilated, some tremendously, with tliinning of the epithelium in places. Many 
of these tubules were filled with calculi (figs. 7 and 8), which were concentrically 



Fig. 9 (case 2). — Photomicrograph showing the fibrous nature of the matrix and 
the bone lacunae, some of which are empty; X 1,500. The insert shows detail of 
the bone cells. 


laminated, took hematoxylin well, and had a granular, amorphous nucleus. Several 
of these calculi were adherent to the tubular wall, and in one location a calculus 
was being invaded by connective tissue. 

In one set of more than twelve consecutive secretions of these stone-bearing 
papillae, there was seen a calculus the concentrically layered periphery' of vvhich 
near!} surrounded a homogeneous pink-staining mass of bone. The bone was 
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No filrr-r'.' . '-’f '”»S:">fication to be fibrous (fig. 9). 

No cbrccl continuat.on wit), t),e .stone as i„ case 1 could be seen. 


muuoijtiis ix the kidney tubules 

A.S mentioned, small concentrically laminated calculi were found in 
1 1C umen of the renal-collecting tubules in these two cases so that a 
inef consideration of this phenomenon is germane to the present 



Fig. 10. — A typical laminated microlith from the collecting tubule of a kidney 
excised because of a coral calculus; X 100. The cuboidal epithelium of the tubule 
may be seen opposite the arrows. 


discussion. These calculi have occasional!}'- been found in the tubules 
of the human kidney as well as in lower animals. They are distin- 
guished from all other calcium deposits in the kidney by their lamellar 
arrangement and by their free position in the tubule. They have varied 
in our experience from purely microscopic dimensions to a size of 1 by 
0.5 by 0.5 cm., and doubtless at times are larger. They must be dif- 
ferentiated from calcium infarcts occurring outside the tubules in the 
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pyramids and the closely related structures described by Lichtenstern,® 
who described calcified dciwsits attached to the renal parenchyma pro- 
jecting into the lumen of the tubules. The relation of these small 
calculi to calcified cylindroids ” is unknown but may be close. 

These microlitbs have been observed in many of the cases in which 
kidney stones have been experimentally produced. These include calculi 
forming (1) after the feeding of the oxamide; (2) after intravenous 
injections of uric acid and some of its constituents;'' (3) after intra- 
venous oxalates,'" and ( 4) in vitamin A deficiency.'" 

In the adult, renal microlithiasis has been mentioned by Braasch " 
and briefly described by Crabtree.'" Microlitbs composed of laminated 
deposits of uric acid, the uric acid infarcts, are frequently seen in the 
collecting tubules of infants dying in the first weeks of life, and are 
known to every pathologist. 

In this laboratory, laminated calculi in the tubules in adults have 
been found in four of sixteen kidneys excised for calculous disease. 
It has been our experience that unless serial sections of the renal pyra- 
mids are made the}- are easily overlooked: the}- have not been found 
where there has been much necrosis of the papillae from the pressure 
of a coexisting hydronephrosis or from infection. They have been 
found only in the collecting tubules. It is our feeling that these sur- 
gically inaccessible bodies may be a source of recurrence of calculi after 
conservative operation. 

There is also evidence that these structures are closely related to the 
development of grosser calculi found in the renal pelvis. The evidence 
may be summarized thus : ( 1 ) clinical cases such as case 2, in which 
one of the calculi obviously passed out of the renal papilla and caused 
complete ureteral obstruction; (2) the fact that these microlitbs have 
the same nucleus formation and concentrically lamellar arrangement 
as the gross calculi and must adsorb or cause precipitation of similar 

8. Lichtenstern, R. ; Mikrolithiasis, Wien. klin. Wchnschr. 39:1156, 1926. 

9. Lubarsch, O., in Henke and Lubarsch; Handbuch der speziellen patholo- 
giseben Anatomic und Histologic, Berlin, Julius Springer, 1925, vol. 6, p. 564. 

10. Ebstein, W., and Nicolaier, A. : Ueber die experimentelle Erzeugung der 
Harnsteinen, Wiesbaden, J. F. Bergmann, 1891. 

11. Heidenhain; Arch, f. d. ges. Phj-siol. 9:23, 1874. Ebstein, W., and 
Nicolaier, A.\ Virchows Arch. f. path. .A.nat. 143:337, 1896. Minkowki, O. ; 
Arch. f. e.xper. Path. u. Pharmakol. 41:375, 1898. 

12. Ebstein, W., and Nicolaier. A. : Ueber die Wirkung der Oxalsaure und 
einiger ihrer Derivatc auf die Nieren, Virchows Arch. f. path. Anat. 148:366, 
1897. Keyser, L. D.; The Mechanism of the Formation of Urinary Calculi, Ann. 
Swg. 77:210, 1923. 

13. Van Leersum, E. C. : Vitamin A Deficiency and Urolithiasis, J. Biol. Chem. 
76:137,1928. 

14. Braasch, W. F. : Unusual Tvpes of Urinary Lithiasis, J. Urol. 23:1, 1930. 

U. Crabtree, E. C.; Tr. Am. A. Gen.- Urin, Surgeons 23:17, 1930. 
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isonior])liic crystals in a liighly saturated solution of the difficultly 
.soluble salts of which they are composed; (3) frequent occurrence of 
the nncrohths in experimental Jithiasis, and (4) two experiments which 
ma}’ he recounted briefly'. 

LximuiMi-NT 1.— Tlirce groups of three albino rats were fed oxamide by 
mouth in quantities of from 1 to 3 Gm. daily' for one, two and three days, and 
t icn Killed. Iji lu'o of tlircc rats IciUcd at forty-eight hours, no gross stones were 
ound in the urinary tract, hut crystalline deposits were found in the collecting 
tubules on histologic examination. In tlic rats killed at three days, gross calculi 
were found accompanied by cry'sfalh'ne deposits and niicroliths in the collecting 
tuhulcs. 

LxPhKi.MEXT 2. — O.vamidc was fed by mouth to five albino rats in approximately 
1 Gm. amounts daily for seventeen day's and then discontinued, TJie animals were 
sectioned thirty'-thrcc days later. One rat had bilateral pelvic calculi and another 
had a stone impacted in a ureter. In three rats no calculi were found, and sections 
of the kidney’ showed no parenchymatous microliths. In four rats similarly treated 
and killed at seventeen days as controls, there were massive deposits of oxamide in 
the collecting tubules as well as elsewhere in the urinary tract. 

These simple experiments show, first, that the deposition of con- 
centrically’ laminated formations of oxamide is the first evidence of the 
formation of calculi composed of oxamide in the rat; and secondly, 
that unless the action of the stone-forming agent persists, these bodies 
are liable to be discharged from the collecting tubules, so that exami- 
nation at a later date would give no due to the fact that there had 
originally' been calculi in the renal tubules. 

COxMMENT 

In the previously reported cases of ossification in the human kidney, 
the bone was found in close association with the pelvis, whereas here the 
bone was in the parenchyma of the kidney'. The origin of the bone is of 
interest from a theoretical standpoint. Search was made for areas 
of mucosa of the renal pelvis in this area, but none was found in dose 
association with the bone, so that it was necessary to discard the idea 
that the bone arose as a result of an epithelial stimulus. 

The bone in each case was in immediate proximity to stone for- 
mation, and there were many locations where direct union occurred 
between the bone and stone (fig. 6). This is considered strong evidence 
that the bone formed in a somewhat similar way' to the histologic 
picture of creeping substitution in which there is invasive replacement 
of aseptic dead bone by' new living bone. The point of greatest theo- 
retical interest is that in the present cases the process is a creeping 

16. A.xliausen, G. : Knochennekrose und Sequestcrbildung, Dcutsclie med. 
Wchnschr. 40:1 and 111, 1914. Phemistcr, D. B.: Repair of Bone in (be Preserwe 
of Aseptic Necrosis, J. Bone & Joint Surg. 12:769, 1930. 



IIVGGIXS—BOXE AXD CALCULI IX KIDXEY 


215 


substitution of stone by bone. This is considered good evidence that 
accumulation of diflicultly soluble calcium salts can provide a stimulus 
for bone formation in certain connective tissue. 

As Phcmister and Hellstrbm emphasize, it is probable that bone 
formation in kidneys containing calculi occurs more frequently than 
the literature indicates. 

SUM MARY 

1. A type of bone formation in the human kidnc}' located in the 
medulla in association with calculi in the collecting tubules is described. 

2. It is most probable that the calculi served as the stimulus for bone 
formation. Creeping suI)stitution of stone by the bone is demonstrated. 

3. The presence and significance of these intratubular calculi are 
discussed. 



RELATION 


OF TRAUMA TO KUPTURE OF HOLLOW 
ABDOMINAL VISCERA 


JEWETT V. REED, M.D. 
liVniAXAPOLIS 

I\Lm} palicnis a\’1]o siiflcr from various diseases of the intra- 
abdominal organs attribute the onset of their trouble to a strain or 
otlier abdominal injury. hrequentJy in such cases the attending phy- 
sician agrees with the theory of traumatic etiology. The result is, 
when the circumstances permit, a claim for damages or compensation. 
There is hardly a disease of the abdominal viscera that has not been 
the subject of personal injury litigation. The claim of traumatic rup- 
ture of gastric or duodenal ulcers is a common example. Claims have 
been made in cases of this kind in which either an alleged or a real 
injur}’ has preceded the rupture by from a few hours to several cla3’s. 

Several cases of this kind have come under my observation, and I 
have always felt that the laws of hydromechanics apply to the abdomen 
and its fluid contents. However, there is no proof that tlie laws of 
fluid pressure in living elastic cavities are the same as those determined 
for rigid, nonliving containers. MoreOA''er, I could find no reference to 
the behavior of fluid pressure when the containers were subdivided by 
one or more elastic-walled compartments. 

In an attempt to answer these questions I have made a series of 
observations in order to determine whether or jiot the law of hydro- 
statics of Pascal applies to the living abdominal cavity with its fluid- 
containing hollow viscera, and also to determine the pressure relations 
in the abdominal cavity in those cases in which a true traumatic rupture 
of a viscus did occur. 

Pascal’s law is as follows : “Pressure applied from without to an 
enclosed fluid (liquids and gases) is transmitted equally in all direc- 
tions without loss, and acts with equal force on all surfaces.” This 
law applies to fluids within a single enclosure. No information could 
be found regarding the application of this law in enclosures subdivided 
into compartments by elastic membranes. To determine the pressure 
relations in such a system of fluid containers was the object of this 
study. 

From the Department of Surgical Pathology, Indiana University School oi 
Medicine. 
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In order to visvtalizc nrorc clearly the changes that took place in the 
interposing membranes during changes in pressure, experiments were 
made with apparatus consisting of glass and ruijber before experiments 
were made on living dogs. 

EXPERIMENTS 

Experiment 1. — A hole was made in the side of a florcnce flask by means of a 
blow torch. This hole was enlarged by heat, and a flange was formed about its 
edge. Over this opening in the flask a sheet of rubber tissue was fastened so 
that it was air-tight and water-tight ( fig. la,B). The mouth of the flask was 
closed by a rubber stopper containing two perforations through which glass tubes 
were inserted. One tube that entered the flask remained open. The second tube 
was attached to a rubber finger cot by a water-tight connection (fig. \a,A). The 
external ends of the tubes connected with U-shaped mercury manometers. The 



Fig. 1. — Diagrammatic representation of experiment I. 

sac I A) was filled with water and the flask was filled with water nearly to the 
top. In the assembling of the apparatus by insertion of the stopper into the neck 
of the flask there was some compression of fluid in the system, and the mercurj- 
rose m both manometers to an equal degree. In order to start the observations 
with the enclosed fluids at atmospheric pressure, a T-tube was interposed between 
the flask and the manometers. To this was attached a short rubber tube that could 
be opened or closed bj- a metal clamp. The completed apparatus is shown in 
figure 1 a. It can be assumed that the bodj- of the flask represents the abdominal 
cavity. The rubber diaphragm (5) represents an elastic flexible portion of the 
abdominal wall. The finger cot (A) represents the stomach or any intra-abdominal 
hollow organ. 

Observation 1 . — Pressure on the rubber diaphragm (B) caused the mercury to 
rise to an absolutely equal degree in both manometers (fig. 16). A slight pressure 
caused a slight rise, and a greater pressure, a greater rise, but the rise was always 
equal. The equal rise in both manometers, however, was not in direct proportion 
to the degree of pressure on the diaphragm (S). The reason for this is that it 
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takes a certain ninoinU of prcsstirc to overcome tlie elasticity of the rubber 

chapliragm, and (Ins pressure was deducted from the pressure exerted on the 
enclosed flnids.i 

As all degrees of pressure on the diaphragm (B) caused an equal rise in both 
manometers, it was demonstrated that pressure on the outer surface of the sac (A) 
was cfitial to (he pressure on its inner surface, and it was also demonstrated that 
the lau of Pascal holds good in a closed sj'stem with an intervening elastic 
membrane. 

Observation 2. Pressure on the diaphragm (P) caused a dimpling in the wall 
of the sac (//) due to a displacement of fluids in both the flask and the sac. 

Obscrzvtion o. — Tests were made with the apparatus containing air alone, with 
the apparatus completely filled with water, and with various proportions of air and 
water both in the flask and in the sac (A). In all combinations of air and water, 
pressure on the diaphragm (B) caused an equal degree of pressure in both 
manometers. 




Fig. 2. — Diagrammatic representation of experiment 2. 


Observation 4 . — The rubber sac (A) was replaced by a 2 foot (60.9 cm.) piece 
of Penrose rubber tubing which was closed at its distal end. This lay coiled on 
the bottom of the flask, or the coils floated on the enclosed water, depending on the 
proportion of air and water in the two cavities of the system. All air, all water 
and various proportions of the two were tested, and in all instances pressure on 
the diaphragm (B) caused an equal rise in both manometers. 

Observation 5. — Pressure on the diaphragm (B) caused no visible movements 
on the rubber tube replacing (A). It was known that with pressure on 1 JC 
diaphragm (B) there was a displacement of fluids as shown by the dimpling o 
the sac (A) in figure 1 h, but in the case of the long rubber tube this displacemcn 
of fluid occurred in a much larger volume of fluid, so that any dimpling or shnn ' 
ing in the size of the tube was imperceptible. 


1. This fact was determined bj’’ means of a similar apparatus, but with tic 
rubber diaphragm in a horizontal position so that the pressure could be app >c 
by means of graduated weights. 
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Lxrr.KiMKNT 2. — In thi;- (..xpcrinH'nt tlu' ll:i'k wns replaced hy a rubber 

bag in order dial llie conditinii'- in llie abdi nun might more nearly be apprfiachcd. 
In figure 2n a rubber Imt water bottle (/’I rejire'cnts the abdomen and the rubber 
bag (.dt rcjirefents the ^tl'mach or other intra-abdominal hnllnw viscera. The 
attnchineni oi this apparatu'- to the mercury manometers wns similar to that shown 
in figure 1. 

Ohsi-n-nlinn 6 . — All air. all water aiul various combinations of these fluids were 
placed in the two coniiiartment.' of the ai)]>aratU'. and in every instance pressure on 
the bag (/T) caused an eptial rise in tU; mercury of both manometers, as shown 
in figure 2 h. The hot water bottle being ojiatiue. it was impossible to observe the 
sac (.-1), but it was felt that it must be din)]>le(l <in account of some displacement 
of fluids. 

Exi'Ehiment o. — This exiierinunt was made fiu a living dog. The operation 
was done under anesthesia with sodium amytal given intravenously. Through a 
midline incision the stomach was exposed. An iticision was made in the stomach 



3. — Diagrammatic representation of experiment 3. 


filkd to allow the introduction of a rubber balloon which had been 

and 'xater without tension. The balloon was attached to a rubber tube, 

the ^ wound in the stomach wall was firmly sutured. tVhen 

This^ was opened it was found about half filled with solid and liquid food, 

and 'disturbed. Another rubber balloon was attached to a rubber tube 

among th 'i without tension. This was placed in the abdominal cavity 

Wound intestines to the right of the vertebral column. The abdominal 

tube sutured, making a firm closure about each tube at its exit. Each 

Ob ^ attached to the mercurj- manometers (fig. 3 a). 
abdomen ^■~~li’'‘essure was applied to each region of the abdomen, and the 

manom ‘^°*^Pressed laterally ; in every instance the pressure in the two 

«ers was equal (fig. 3 b). 

equal rise in h h ^ abdomen directly over the stomach also caused an 

that wniUa .--r- ™®”°meters, but no movements of the mercury could be observed 
the blow over the stomach caused a sufficient increase in 


, ‘iidiioir 

bat would indicate that 


the 


peristalsis * V, — me Siuuiavn vauscu a suuiejciii. luei 

e stomach to lead to a rise in the intragastric pressure. 
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Exi'i;kimi:xt 4.— In tlie preceding experiment it was demonstrated that external 
pressure applied to tlie alidomen resulted in an increased intra-abdominal pressure 
which always equaled tlie intragastric pressure. In other words, any pressure on 
the abdomen caused an equal pressure on each side of the wall of the stomach. It 
would lie inqiossible, tlierefore, to rujiture a gastric ulcer bj'- increasing the intra- 
abdominal pressure. However, if it took an appreciable amount of time for these 
two pressures to become equalized, an ulcer might rupture during this interval. 
When the movements of the columns of niercuri’- in the manometers were observed, 
they appeared to rise simultaneously with the application of the pressure. However, 




A -o* ^ w - 

pressure on both sides of a wall. 


in order to obtain a more accurate record of the experiment, floats 
marker were inserted in the manometers. These markers, placed one direc j 
the other, recorded on a revolving drum the movements of the mercury. 

The dog was prepared as in the preceding experiment. The anesthesia wa . 
light, so that the dog responded to stimuli by the time the operation was 

pleted. . , jj,g 

Observathn 9 .— Figure 4 a shows the kymographic record of 
upper curves are from the manometer attached to the i„ the 

curves record the pressures from the manometers attached to t 
abdominal cavity. Before any pressure was applied a base line was 
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revolving drum. This line was almost horizontal, the variations being due to 
the respirations. 

Curves A, B, C and D resulted from various degrees of pressure on different 
parts of the abdomen. Curves E and F resulted from forcible blows on the 
abdomen with the fist. The intervening small curves are due to the elastic rebound 
of the rubber bags. This fact was determined by the e.xertion of different degrees 
of pressure on the rubber bags while they were outside the dog’s aI)domen but 
connected with the kymograph. 

The foregoing experiments show from the kymographic record that pressure on 
the abdomen causing an increase in intra-abdominal pressure caused an equal and 
simultaneous increase in intragastric pressure. 

Obscrvatio)i 10 . — ^Forcible blows over the abdomen directly over the stomach 
produced no changes in the kymographic tracings that indicated additional changes 
in the intragastric pressure, the result of increased peristalsis. 

From the foregoing observations it can be concluded that the law 
of Pascal applies to fluids in living elastic containers, and also that 
this law holds good when the container is subdivided by means of 
elastic partitions. 

As tbe law of hydrostatics applies to the abdominal cavity of the 
dog and its contained stomach and as this law applies in a similar 
apparatus in vitro, it follows that it also applies to the pressure relations 
between the intra-abdominal cavity and all of the intra-abdominal hollow 
viscera. In other words, an increase in intra-abdominal pressure will 
cause an equal increase in the pressure in all of the hollow intra- 
abdominal organs, namely, the stomach, duodenum, small intestine, large 
intestine, appendix, gallbladder and urinary bladder, so long as their 
natural orifices remain closed. Therefore, it can be concluded that the 
wall of no hollow viscus can be ruptured by a simple increase in the 
intra-abdominal pressure, because the pressure on the visceral wall will 
be exactly equal on both sides (fig. 4 b). 

From clinical experience, however, it is known that the hollow 
S'iscera do rupture under certain circumstances. With the exclusion of 
penetrating wounds, the causes of such ruptures may be grouped under 
three headings ; 

1. Diseases resulting in disintegration of the visceral rvall. Common 
examples are the following: gangrene of the appendix, gangrene of a 
loop of bowel, a malignant growth on the wall of a viscus and pro- 
gressive necrosis and ulcerations, such as gastric and duodenal ulcers, 
tuberculous ulceration of the borvel and ulceration secondary to calculi. 
In all of these conditions the rupture may be entirely spontaneous owing 
to tbe gradual dissolution of tissue: it may be aggravated by peristaltic 
waves in the adjacent visceral wall, or it may be hastened by the changes 
in pressure to be named later. 
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2, A liollow viscus ni;i\' he ruptured hy overindalion or ovcr-distc!!- 
(iou. Such .1 condition is seldom seen unless the ruptured visctis is 
weakened hy disease, as mentioned under group 1. In such a case the 
diseased viscus ruptures from overtilling and from overdistention with 
gases, the result of fermentation and putrefaction. A striking example 
of rupture from overinflation of a normal vi.scus is the rupture of the 
rectum or the larg'e intestine following the so-called jjracticai joke of 
placing the nozzle of a compres.sed air hose against the victim’s amis. 

3. Rupture of a Iwllow viscus may occur following external violence 
to the abdomen, such as severe blows or compression. The most coiii- 



Fig. 5 . — Diagramtiialic roprc.senlntion of cxiicrinient 5. 


mon example is the compression of the abdomen hy the wheel of •' 
vehicle. 

In order to study the changes in intra-abdominal pressure in ici<i 
tion to the rupture of the hollow viscera, the following obseivations 
were made. 

The first question to con.sidcr was the following; How ''o'dd 
Pascal’s law ajijily when one compartment in the system was raisef to 
a higher ])ressure than that in the remainder of the .system? h 
been shown that tlie intra-abdominal and the intragastric ptesstire 
vcmaiu equal under ordinary conditions, but what would happen 
there was an increase in the intra-ahdominal j)rcssurc wliile the stomac 
was already distended with gas under prcs.snre? 
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Experiment 5. — The same apparatus as shown in figure 1 was used, and a 

glass syringe was attached to the tube leading to the rubber sac (A). The 

mercury was allowed to settle to the same level in each manometer. The system 
was then closed, and by means of the syringe air was forced into the rubber sac 
(A) until it was distended under pressure. 

Observation 11. — With the sac (A) distended the mercury rose in each 
manometer, but it rose higher in the manometer connecting with the sac (A) 
(fig. 5a). The line (C) indicates the normal level of the mercury. The reason 

that the pressure from the sac (A) is greater than that in the remainder of the 

system is because it takes a greater amount of pressure to distend the sac (A) 
than it takes to distend the diaphragm (/?). With the apparatus as shown in 
figure 5a, if pressure is applied to the diaphragm (B), the mercury will rise in 
both manometers to exactly the same degree (fig. 5b,D) ; that is, the increment 
of rise in each manometer is always the same regardless of the amount of pressure 
applied to B. 

This observation can be applied clinically as follows: If a patient is suffering 
from a gastric ulcer and the stomach is distended forcibly with gas or other fluid, 
but not forcibly enough to rupture the ulcer, and the patient by some means 
increases his intra-abdominal pressure, the relative pressure on each side of the 
ulcer remains the same. In other words, if the distention by gas or other fluids 
did not cause a rupture, an increase in intra-abdominal pressure would not cause a 
rupture. 

Observation 12. — Similar tests were made with the two rubber bags as shown 
m figure 2 a, and the same results were obtained. 

This principle is not only true for the stomach, but for all of the intra-abdominal 
hollow viscera. 

Observation IS. — By continued inflation of the sac (A) it can finally be made 
to rupture, but the pressure required is greater when the sac is in the closed appa- 
ratus than when the same type of sac is in the open air. 

Experiment 6. — In this experiment the apparatus used consisted of two trans- 
parent balloons of different sizes, one placed inside the other. Each balloon was 
connected to a manometer. In this experiment the mercury manometers were 
rather difficult'to handle ; so the manometers from an apparatus for the determina- 
tion of blood pressure were used. A T-tube was inserted between each balloon and 
the manometer to be used for inflation.- The assembled apparatus is represented 
by the solid lines in figure 6a. 

Observation 14. — AVith the apparatus at rest both balloons assumed the spherical 
form, and the pressure in the external balloon (B) registered 20 while the pressure 
in the internal balloon (A) registered 40. 

Pressure on the external balloon made it assume an oval form, and the pressure 
m each manometer rose to an exactly equal degree. In other words, pressure on 
e outer balloon caused an equal rise in pressure in the internal balloon, a phe- 

2. In testing the degree of pressure required to inflate balloons of various sizes, 
It was found that the smaller balloons required a greater amount of pressure to 
•n ate them to a moderate size than did the larger balloons. This difference is 
most probably due to the difference in the tensile strength of the two sizes of 
a oons. This has no bearing on the present problem, however, as this problem 
oes not concern actual pressures but the relative changes in pressure following the 
application of external force. 
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nor., COM exactly sin, ilar to that observed in figure S. The pressure on both sides 
ol (he wall of ll,c Miner balloon was relatively the same no matter bow much 
pressure was applied to the outer balloon so long as the walls of the outer balloon 
Old not touch tlic walls of the inner. 

Obscrt'atioii 15. No matter how much the outer balloon was compressed or 
distorted, so long as it did not touch the inner balloon the inner balloon remained 
a perfect sphere and, as far as the eye could determine, did not change its size. 

Ob.rcrx'atioii 16. •'When (he pressure over the outer balloon was continued, the 
pressure in both balloons rose to the same degree, but as soon as the outer balloon 
was compressed to the degree that its walls touched the inner balloon and the 
.shape of llie inner balloon was in the least distorted or compressed, the pressure 
in the inner balloon immediately rose at a greater rate than the pressure in the 
outer. As (he pressure continued, distorting both the outer and the inner balloon, 



Fig. 6. — Diagrammab'c representation of experiment 6. 

the pressure in both manometers increased, but this increase in pressure was much 
more rapid in the inner than in the outer one. In fact, with this increasing prc.s5iirc 
with distortion of both balloons, the increase in pressure of the inner compare 
to the increase in pressure of the outer balloon is approximately in the ratio o 
an arithmetical progression (fig. 6 b). . 

When the pressure is continued over the inner balloon through the wa s o 
the outer balloon, the inner balloon finally ruptures. 

The experiments shown in figure 6 demonstrate that when one flexible c astic 
compartment is contained in another larger flexible elastic compartment, 
impossible to rupture the inner compartment by pressure on (be outer imh 
pressure on the outer compartment is sufficient to compress or distort the ou 
compartment sufliciently to distort or compress directly the inner coniparimc ^ 
In other words, in order to rupture (he inner compartmciit, the pressure nnis 
applied directly to its walls with no interposing fluid. Again, for the inner coi 
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partnient to Ijc ruptured, it must lie compressed sulTiciciitlj’ to produce internal 
pressure beyond its limits of elasticity in the same manner as if it were not sur- 
rounded with an outer compartmcnl. The only difference in the rupture of the 
inner balloon as shown in figure 6 b and a similar balloon not inside a second bal- 
loon is that it takes a greater amount of pressure to rupture the inner balloon than 
a similar balloon in the open air, 

CONCLUSIONS 

From the foregoing observations I believe that the following clinical 
conclusions can be deducted : 

1. Anything that increases intra-abdominal pressure, such as muscu- 
lar strains requiring the contraction of the abdominal muscles, coughing, 
sneezing, vomiting, blows or pressure exerted from the outside on the 
abdominal wall and distention of the abdominal viscera by either fluid 
or solid matter, tends to exert pressure equally over the entire abdominal 
Avail, and if there are one or more pqints weaker than the rest of the 
abdominal -wall, there will be a tendency toward the occurrence of 
hernia at these weakened areas. 

2. The inflation or overdistention of a hollow viscus may lead to 
the rupture of that viscus if the internal pressure is sufficient to over- 
come the limit of elasticity of the viscus. 

3. An increase in intra-abdominal pressure, such as is caused by 
muscle strains, pressure or blows over the abdomen, causes an instan- 
taneous and equal increase in the pressure in the intra-abdominal hollow 
A'iscera, unless a viscus is distended to the point that its walls reach 
from the abdominal wall in front to the solid tissues on the posterior 
abdominal wall. 

4. If an intra-abdominal hollow viscus is overdistended from within 
and there follows an increase in the intra-abdominal pressure, the rela- 
tive pressure on both sides of the Avail remains the same. 

5. To cause rupture of any intra-abdominal holloAv viscus by external 
force or pressure, this viscus must be distended so that its walls x-each 
the opposite sides of the abdominal cavit}’, and the bloAv, force or com- 
pression must be directed over the distended viscus. 

In other -words, for rupture of a normal or a diseased stomach to 
be produced by violence, the stomach must be distended so that it can 
be compressed betAveen the anterior abdominal Avail and the A'ertebral 
column or betAveen the lateral surfaces of the abdomen, and the direction 
of the violence must be directly OA’er the stomach. 

In order to produce rupture of the urinary bladder, it must be dis- 
tended so that it can be compressed betAveen the abdominal and pelvic 
"alls, and the line of force must be directl}^ OA-er the bladder. 

The same holds true for the small intestines, except that these tubes 
are often empty or are emptied b}' the abdominal force, in Avhich case 
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the intestines may be crushed between the anterior abdominal wall and 
the bodies of the vertebrae in the same manner that a solid organ may 
bo crushed. 

Tlie appendix, either nonnal or diseased, acts similarly to other 
intra-abdominal hollow organs. It is inconceivable that an appendix 
could in any' way he alTected by any increase in intra-abdominal pressure, 
such as strains, blows or compressions, unless there w^ere a distended 
appendix superimposed by a mass of solid adhesions that extended to 
the anterior abdominal wall. 

In order, therefore, for an intra-abdominal hollow viscus to be 
injured or ruptured it must be subjected to the same force that Avould 
be required to rupture it if the entire anterior abdominal wall were 
removed. 

In the case of external hernial sacs in the abdominal wall, an 
increase in the intra-abdominal pressure will tend to force abdominal 
contents into these empty sacs, owing to the fact that the pressure on 
the outside of the sac is less than the intra-abdominal pressure on the 
inside. But internal hernias cannot result from increased intra- 
abdominal pressure, and loops of intestines, the appendix and other 
structures cannot be forced under bands or through apertures, because 
according to Pascal’s law the pressure is equal in all directions, and any 
pressure, no matter how applied, would have the same tendency to push 
the structure or organ away from the aperture as to force the organ 
toward the aperture. 



Archives of Surgery 


Volume 27 


AUGUST, 1933 


Number 2 
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The electric current has always been a source of danger to man. 
Lightning alone constituted the electric danger of antiquity, responsible 
for many deaths by a current estimated at millions of volts and about 
20,000 amperes. Apparently there were no serious effects from synthetic 
electricity until 1879, when a stage carpenter was electrocuted at Lyons 
by an alternating current of 250 volts from a Siemens dynamo and 
died in twenty minutes. Currents dangerous enough to kill, however, 
were used as far back as 1849 to light a stage in Paris. The use of 
electricity in the home, office and factory has increased to such a 
tremendous extent that energized wires now form a dangerous and 
intricate network, surrounding one at every turn. 

FACTORS INFLUENCING THE BIOLOGIC EFFECTS OF THE 
ELECTRIC CURRENT 

In discussing the biologic effects of the electric current, I am 
primarily interested in unconsciousness and bums. Shocks tog -small 
to produce unconsciousness, if not often repeated^ are nmi ally not 
important fronrmrmlintcar'standpoint unless accompanied by burns. 
The prime issue in electric shock is the unconscious victim, for here, at 
a moment, a life is seriously threatened or already spent. The effect 
which a certain current will have on an organism will depend on the 
following factors; (1) tension or voltage, (2) intensity or amperage, 
(?) type of current, (4) resistance at the points of contact, (5) path 
of the current and (6) individual susceptibility of the organism. 

1. Voltage . — ^Death may be produced by currents of very low 
voltage. There are instances of death from alternating currents of 46 
and 60 volts, and it is claimed that any current over 25 volts should 
be considered dangerous to life. On the basis of the experimental work 
of Prevost and Battelli and Cunningham, it is now generally conceded 
that, with currents alternating at ordinarj' rates (from 25 to 300 per 
minute), voltages under 220 tend to produce ventricular fibrillation 


1. MacMahon, H. E. : Electrical Shock, Am. J. Path. 5:333, 1929. 
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without affecting- the respiratoiy center, those over 1,000 tend to 
produce paralysis of the respiratory center without affecting the heart 
and those between 220 and 1,000 tend to involve both the ventricles 
and the respiratory center. Other things being equal, high tension 
currents aie less dangerous than low tension ones. In one series of 
electric accidents " 62.5 per cent of those who received high tension 
shocks recovered, whereas only 39 per cent of those who received low 
tension shocks recovered. It is thus apparent that the voltages in most 
common use ai'e most dangerous. 

2. Amperage . — The amperage is computed by dividing the voltage 
bj' the resistance. On experimental grounds it is held that an alternating 
current of from 70 to 110 ma., at ordinary frequencies, or a direct 
current of from 200 to 250 ma. may be fatal if passed through the 
chest. Currents of much greater amperage are less often fatal. An 
alternating current of from 5 to 8 amperes may pass through the body 
for many seconds without causing permanent arrest of the heart, as is 
shown by the phenomena attending legal electrocution. In electric 
accidents the amperage is difficult to determine because of the variable 
resistance of the body. A slowly alternating current of 30 ma. has 
been passed through the human chest without any effect on the heart.® 

3. Type of Current . — ^Alternating currents are said to be from three 
to four times more dangerous than direct currents. Recent experiments 
on rats * do not confirm this, but one must consider that the rat recovers 
spontaneously from ventricular fibrillation and that mortality statistics 
vary with different experimental animals. However, direct currents 
induce a much more intense nervous inhibition and produce cardiac 
fibrillation in a much shorter time. In certain experiments on rats 
alternating current was more apt to produce hemorrhage than direct 
current, yet the latter was more destructive to nerve cells. Alternating 
currents of from 39 to 150 cycles are the most dangerous and, 
unfortunately, the most frequently used. As the number of cycles 
increases, the danger diminishes. Experiment has shown that the dog s 
heart is about twenty times as tolerant to an alternating current o 
1,720 cycles as to one of 150 cycles; and currents of from 400,000 to 
1,000,000 cycles up to 3 amperes have no bad effects. In diathermy 
for example, a current of about 20,000 to 40,000 volts, from 1 to 
amperes and 1,000,000 cycles is employed. 

2. Legge, T. M.; Ram, S.; Levy, A. G., and MacWilliam, J. ^ 
Pathological Changes Produced in Those Rendered Insensible by Electric loc 
and the Treatment in Such Cases, Arch. Radiol. & Electroth. 27:1, 1922. 

3. Jex-Blake: Death by Electric Current and by Lightning, Brit. M. !• 

492 and 548, 1913. This article gives an excellent review of the subject to ^ 

4. Langrvorthy, O., and Kouwenhouven, W. B. ; Experimental 
Abnormalities Produced in the Organism by Electricity, J. Indust. Hjg- 
1930. 



PEARL— ELECTRIC SHOCK 


229 


Experiment indicates that currents from induction coils are not 
especially dangerous to man. Spark discharges from condensers are 
capable of producing fatal cffccls Iw inhibition of the respirator}' center 
without any appreciable effect on the heart. It seems that the heart 
is not thrown into fibrillation by "single” shocks unless the organ is 
struck at the exact moment when the refractory period ends, and it 
may be assumed that a person may withstand a powerful "single” 
shock, unless the heart is struck at this transient phase of its cycle. 
Prevost and Battelli conclude from their experiments that with very 
brief shocks from condensers and induction coils (1/1,000 second) 
fatal effects are due, not to the pressure or intensity of the current, 
but to the electric energ}- as measured in joules.® In some of their 
experimental animals an occasional postmortem finding was loss of 
elasticity and retractility of the lungs, which made recovery on artificial 
respiration impossible. In another series, the same authors electrocuted 
dogs with discharges from induction coils giving sparks from 15 to 
45 cm. long, and noted that larger animals were killed only by asphyxia. 
It was their impression that the largest coil would require a minimum 
exposure of two minutes to kill an adult human being and that death 
would occur from arrest of respiration without primary' heart failure. 
Single discharges of appropriate energy have restored normal rhythm 
to ventricles of animals fibrillating experimentally from alternating or 
direct currents. The following cases show the ability of man to escape 
unharmed from contact with single high voltage discharges : 

Case 1. — A laborer working in the neighborhood of a large condenser dis- 
regarded the danger signs and was struck by a static discharge of 180,000 volts. 
He was rendered unconscious. Artificial respiration was given at once and he was 
revived in nine minutes. There were no sequelae. 

Case 2. — A lineman was working on a set of "dead” lines, consisting of three 
parallel wires about 1 foot (30 cm.) apart. These wires paralleled another set 
about IS feet (457 cm.) away, carrying a tension of 110,000 volts. The workman 
received a severe shock from the current induced in the “dead” line, but was not 
rendered unconscious. He sustained severe burns of the chest, hands and legs. 

Case 3. — An operator of a discharge set was struck by a single discharge of 
150,000 volts, and was rendered unconscious. After thirteen minutes of artificial 
respiration he was revived. There were no sequelae. 

Whenever the flow of the electric current is broken abruptly there 
IS generated in the circuit an electromotive force of the same direction 
as the original current flow. While the original current diminishes, 
the development of this “extra current” and its addition to the original 
current then present increases the total electromotive force. If, in the 
closed circuit, the voltage is too low or the body resistance too high 
to produce fibrillation, such a result may follow the action of the extra 
current when the circuit is broken. On the other hand, the extra 
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current may be life-saving. Thus, in guinea-pigs, fibrillation induced 
by a direct current of 550 volts can be relieved by the extra current 
when the circuit is abruptly broken. 

4. Resistance at the P oinfs of Contact . — ^The effect of the current 
on the body depends to a great extent on the resistance of the skin, 
since the resistance of the other tissues, with the exception of bone, is 
small in comi^arison. The resistance of the skin depends on its condition 
of dryness, cleanliness and thickness. In a calloused palm, for example, 
it may reach 1,000,000 ohms and more, but in general, the average 
resistance of the dry skin is about 5,000 ohms, and that of the moist 
skin about 1,000 ohms.® Thus a current of 100 volts passed through 
tire chest through moist contacts is sufficient to reach the dangerous 
100 ma. range inside the body. Perspiration reduces the resistance of 
the skin considerably. With saline electrodes the resistance of the skin 
may fall to 300 ohms, and a current of only 30 volts passed through 
the chest may kill by reaching the fatal amperage. Deaths have been 
reported from sinusoidal currents, which are slowly alternating 
currents of from 30 to 50 volts. A high tension current that ordinarily 
would fail to produce fibrillation may be reduced by a high resistance 
to such a level as to bring this about. 

In considering the resistance of the body, the point of exit as well 
as the point of entrance is significant. Many accidents occur as tiic 
result of good contact with the ground. Shoes have a high resistance 
when dry, but when wet their resistance is so diminished that a current 
may traverse the body and cause death. Shoes shod with iron nails 
are particularly dangerous, especially when the ends of the nails have 
worn through the inner sole. One should remember that concrete, 
especially if reenforced, is a good conductor. 

The area and firmness of contact are other important factors. A 
broad surface and firm contact permit the flow of more current at 
given values than smaller and lighter contacts. As a current passes 
through the tissues their resistance diminishes rapidly. 

Whenever a current flows through a conductor, heat is generate 
This varies directly with the resistance and with the square of the cur 
rent. The skin is the most resistant tissue of the body and is therefore 
subject to a variable degree of heat at both the points of entrance 
and exit of the current, thus producing local burns and marks. Tiese 
will be considered later. 

5. Path of the Current. — The heart is the danger area in clcctnc 
shock. The central nervous system is a secondary danger zone, JU 
in accidental electrocutions nearly all currents which traverse the icaf 

5. Gaby, R. E. ; Electrical Burns and Electrical Shock, Canad. At- A. J. 

1343. 1927. 
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also pass through the chest. Currents from foot to foot arc never 
fatal per se, no matter how gi'eat the current ; yet even a small current 
passed through the chest may cause death. Schriddc/’ in thirty -seven 
postmortem examinations of persons killed by currents not greater than 
250 volts, found electric burns on the left hand in 90 per cent. The 
conductivity of different organs varies according to their chemical and 
physical constitution. The blood and lymph streams are the best con- 
ductors. 

6. Individual Suscc(>tibili{y of the Organism Under Various Con- 
ditions . — It has been said that an alert person can tolerate a stronger 
shock than one taken unawares. It has also been claimed that sleep 
and anesthesia protect against currents, but this has received no experi- 
mental confirmation. Recent e.xperiments on rats ^ indicate, in fact, 
that the mortality is definitely greater tmder general anesthesia, and 
that the death rate increases in direct proportion to the depth of the 
anesthesia, other things being equal. The view that fright increases 
the susceptibility to the electric current' has not been substantiated. 
Experiment has demonstrated that fatigue increases the susceptibility 
to electricity,® and this was confinned by statistics, which showed that in 
man the greater number of electric accidents occurred at the periods 
of maximum fatigue (chart). 

The part played by preexisting disease in the mortality from elec- 
tric shock is difficult to estimate. It is known that people with disease 
of the heart can rvithstand severe electric shocks (Jellinek). 

7. Duration of Contact. — ^The more prolonged the contact the more 
serious the effect. This is true no matter what the type of current, the 
nature of the contact or the resistance. 

DEATH DUE TO THE ELECTRIC CURRENT 

It has long been felt that the problems of electric shock might be 
solved by a study of electric death. Experiment has shown that death 
from the electric current may occur (1) from primary fibrillation of 
the ventricles, (2) from failure of the respiratory center, (3) from 
ventricular fibrillation combined with paralysis of the respiratory center, 
(4) from prolonged tetanus of the respiratory musculature or (5) 
suddenly some time later — “Delayed Death.” 

1. Ventricular Fibrillation. — ^Experiment has given some valuable 
information regarding ventricular fibrillation. The susceptibility of 

6. Schridde, H.; Death from Electric Current, J. Indust. Hyg. 8:58, 1926. 
1927 Rescue Work in Electrical Accidents, J. Indust. Hyg. 9:214, 

8. Aiello, G.; The Influence of the Vegetative Nervous S 3 "stem and of 
Fatigue on Susceptibility to the Electric Current. J. Indust. Hyg. 7:43, 1925. 
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various species to the electric current is quite variable. The frog can- 
not be killed by any current, no matter how great, unless as the result 
of burns. Spontaneous recovery from electrically induced fibrillation 
is the rule in the rat and the rabbit, and occurs occasionally in the 
guinea-pig. There are, however, no cases of spontaneous recovery in 
the adult horse, dog or ape. Young animals recover more readily than 
adult ones. In the cat, direct cardiac massage will almost always 
restore a fibrillating ventricle to normal rhythm. In the fowl, ventric- 
ular fibrillation, once established, can be restored only by passing a 
current through the chest from back to breast. 

By direct cardiac massage combined with artificial respiration, 
ckHalluin ® restored normal rhythm to 37 per cent of dogs’ hearts in 



Oiart showing the number of electric accidents to be greatest at the perio s 
of maximum fatigue. (From the serial report of the Accident Prevention Com- 
mittee 1927-1928. Reproduced by permission of the National Electric Light Asso 
ciation.) The accidents, numbering two hundred and thirty-two, occurre m 
inside electrical construction. A indicates occurrence by hours; B, occurrence > 
days. 


which ventricular fibrillation had been electrically induced. Sixtj-fivc 
per cent were revived by injecting into the jugular vein 4 cc. of 5 pc| 
cent potassium chloride per kilogram of body weight. The toxicity o 
this drug depends more on the rate of injection than on the dose. 
According to d’Halluin the lethal dose in dogs is 140 mg. per b' ^ 
gram at 20 mg. per minute, but is 420 mg. at 4 mg. per minute. .Some 
of the hearts in this series had been quiescent for from ten to fifteen 
minutes before attempts at restoration were instituted. 

9. d’Halluin, ?ir. : Lethal Power of Electricity. J. de radiol. ct d’clcctrol. 
4:254. 1920. 
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Hooker, however, was able to revive dogs’ hearts without the use 
of cardiac massage by administering potassium and calcium solutions 
by the arterial route. One solution consisted of 0.5 per cent potassium 
chloride in physiologic solution of sodium chloride to v.’hich was added 
0.025 Gm. of heparin per cubic centimeter to prevent coagulation of 
the blood. The dose was 13 cm. per kilogram. The other solution 
was 0.023 Gm. of calcium chloride in physiologic solution of sodium 
chloride. Its dose was 15 cc. per kilogram. Fibrillation was induced 
and the potassium solution administered through a cannula. Needles 
were found to be unsatisfactory because they were too small. The 
heart came to rest. The calcium solution was then injected through 
the cannula. Normal rlnlhm resulted in many cases. Sometimes 
1 cc. of 1 : 1,000 epinephrine was injected into the cannula before the 
calcium was administered. The femoral artery was successfully used 
on t\vo occasions. Both solutions were saturated with oxygen, warmed 
to 37 C. and injected at a pressure of 150 mm. of mercury. Complete 
recovery ensued ten and one-half and twelve and one-quarter minutes 
respectively follow’ing tire onset of fibrillation. 

Wiggers studied the effect of potassium chloride in relieving 
experimental fibrillation induced in dogs by the faradic current. The 
duration of untreated fibrillation was from fifteen to thirty minutes, a 
period much in excess of the viability of nerve centers deprived of 
oxygenated blood. No animals recovered spontaneously. He confirmed 
the effect of 5 per cent potassium chloride (in salt solution) in abolish- 
ing fibrillation in dogs, noting that the drug was most eft'ective if 
injected, in equal amounts, directly into both ventricles. By electro- 
cardiography Wiggers showed that the drug shortened the duration of 
fibrillation to three minutes without in any other way changing its 
character. If into the resting ventricles was injected a similar dose 
of 5 per cent calcium chloride and the heart massaged at once, 
coordinated rhjrthm could be reestablished, the heart first passing 
through a few minutes of idioventricular rhythm. No drug was 
effective without cardiac massage. 

Prevost and Battelli, using dogs, succeeded in restoring fibrillating 
hearts to normal rhythm by passing through the organ within from 
fifteen to thirty seconds an alternating current of greater voltage than 
that used to produce the fibrillation. In quiescent hearts they were 
often able to produce ventricular fibrillation by direct cardiac massage 

10. Wiggers, C. J. ; Ventricular Fibrillation Caused by Electrical Shock: 
Revival by Successive Use of Potassium and Calcium Salts, Am. J. Physiol. 92: 
223, 1930; Ventricular Fibrillation Caused by Electric Shock: Revival by 
Successive Use of Potassium and Calcium Salts, ibid. 93:197, 1930. Wiggers, C. 
J. , Bell, J. and Paine, M. : Ventricular Fibrillation Caused bv Electric Shock, 
Am. Heart J. 5:351 (Feb.) 1930. 



ARCHIVES OF SURGERY 

combined with artificial respiration; then the fibrillation was changed 

to normal rhythm by passing a current at higher voltage through the 
heart. 

Theie is a well grounded view that in man, in the majority of 
cases, death from electric shock occurs as the result of uncomplicated 
ventricular fibrillation,^^ and that fibrillation once established is usually 
permanent. Kerr and Bender have reported a single case in which 
they demonstrated that recovery from ventricular fibrillation may occur 
spontaneously in man. Others have suggested that spontaneous recovery 
from fibrillation induced by electricity probably occurs frequently in 
man, as in some experimental animals. This, however, must be 
extremely rare, considering the small number of reported cases of 
recovery from ventricular fibrillation from other causes. In order that 
the patient survive, a return to normal rhythm must occur within the 
period that nerve centers can withstand the lack of oxygenated blood, 
variously estimated at from two to ten minutes. When fibrillation 
occurs, respirations continue, become exaggerated from asphyxia and 
then fail after about two minutes, death ensuing. There is no evidence 
of cardiac function and the patient is pale, not cyanotic. 

2. Failure of the Respiratory Center. — ^When the respiratory center 
alone is affected the victim is unconscious, with respirations absent, but 
the heart continues to beat. There is a great fall in blood pressure, 
and the skin is cold and cyanotic. In animals, when no treatment is 
instituted, the heart will continue to beat for from five to eight minutes 
after respirations have ceased. It is probable that nervous degenera- 
tions of an irrevocable nature may not occur for an equal period follow- 
ing cessation of the heart beat. A similar condition may be expected 
in man. 

In 1912 Jellinek, who had had a vast experience in electric acci- 
dents, claimed that in most cases death from electric shock was only 
apparent. He claimed that these victims suffered from temporary 
paralysis of the respirator}'' center and that if the blood were kept 
properly oxygenated by the use of artificial respiration until the nor- 
mal irritability of the respiratory center returned, most of the victims 
would recover. Many others have adopted this view. It was 

11. Aiello, G. : Electricity and Man, J. Indusf. Hj'g. 11:100, 1929. 

M., etal. : Pathological Changes Produced in Subjects Rendered Unconscious 
Electrical Shock, Proc. Roy, Soc. Med, (Sect. Electroth.) 15:43, 192 ■ 

Blake.® Legge. Ram, Levy and MacWilliam.^ _ , . 

12. Kerr, W, J., and Bender, W.: Paro-xysmal Ventricular Fibrillation wi 

Cardiac Recover}', Heart 9:269, 1922. , . ... 

13. (a) Report by Engineering Committee of Conference on Elcctnc >o 

Fatal Accidents from Electric Shock in Recent Years in the United 
Canada, in England and Wales and in Switzerland, J. Tndiist. Hyg- 1 • ^ ‘ 

117, 192S. (b) Harrison. B. J.: Some Considerations in Death 

Shock, M. J. Australia 2:I0A 1925; (cl Electrical Accidents, ibid. 2:439, ■ 
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probably in cases of pure respiratory paralysis that artificial respiration 
accomplished its spectacular results, one patient having been revived 
after eight hours, and several after four hours, of so-called "suspended 
animation.” 

3. Faihire of the Heart Plus Failure of Respiration . — When this 
condition occurs, the picture presented is ?, combination of those due 
to respiratory and cardiac paralysis. There is no evidence of breath- 
ing or of heart action, and the patient dies within a few minutes. 

4. Prolonged Tetanus of the Respiratory Muscles . — During the 
passage of a current through the bod}', there is a violent contraction 
of all the muscles until the circuit is broken. If the current continues 
for many minutes, the patient will die of asphyxia, owing to his inability 
to use the respiratory muscles, even though the respiratory center and 
heart might have been capable of functioning properly had the dura- 
tion of the contact been less prolonged. 

5. Delayed Death . — Patients who have been revived sometimes 
die suddenly without apparent cause. This may occur minutes, hours 
or even days after the accident. It is thought by some to be due to 
sudden dilatation of the cardiac musculature and by others to be the 
result of hemorrhage affecting the vital centers. The following is an 
authentic case of delayed death : 

Case 4. — Two men were working on a "dead” line. Both were standing on the 
ground. A was steadying the wire with both bands, while E held the wire in his 
left hand and with his right was tapping a wire clamp to tighten it. Suddenly 
the wire became energized. Both men were thrown 15 feet, landing in the prone 
position. There were no injuries to the head or other parts of the body, and both 
men retained consciousness. A rose, walked 200 feet (61 meters) to his 
automobile, rode for half a mile to turn off the circuit and immediately returned. 
B is said to have sat still for six or seven minutes ; he then rose, dusted his clothes, 
drew up his trousers, walked nine steps and fell dead. When A returned, his 
partner was dead. 

LOCAL EFFECTS OF THE CURRENT 

1. Electric "Marks :” — Local changes occur at the points of entrance 
and exit of the current. The most interesting of these are the so-called 
current marks.” These are produced at the moment the body becomes 
energized, whether the victim survives or not, and are the same whether 
produced by direct or alternating current.^^ The marks are usually 
round or oval, varying in size from a few millimeters to several centi- 
meters in diameter, gray to grayish yellow and slightly elevated at the 
edges, with a crater in the center. At the point of exit the depression 

14. Jaffe, R. H. : Electropathology, Arch. Path. 5:837 (May) 1928. A 
generous bibliography to 1928 is appended. 
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is often charred and tends to bleed. The hairs in the vicinity are not 
affected. The lesions are odorless, painless, free from inflammatoiy 
reaction or blisters and remain unchanged for several weeks. After a 
slow process of aseptic necrosis, sloughing occurs, leaving a luxurious 
granulation tissue, which finally forms a smooth, pink scar. The 
resultant slough is from two to three times the extent of the original 
injury. These marks are considered by some to be the most char- 
acteristic manifestations of electric shock and are especially significant 
when they appear in an area covered by unaffected clothing. It is 
probable that heat rather than eIectrol 3 ''sis is the cause of these marks. 

2. Arc Burns . — The flash or arc burn represents the most serious 
of electric burns, and occurs with light or brushing contacts. The arc 
has a temperature of from 2,500 to 3,000 C., and is capable of melting 
and volatizing bone,^^“ producing extensive lesions which may involve 
entire extremities. When such arcing has occurred, metallic deposits 
are found around and embedded in the burned area. Charring ten s 
to minimize the general effect by reducing the flow of current throuj, i 
the body. In general, if the resistance at the points of contact is low, 
general effects are severe and burns slight; if the resistance is 
burns are severe and general effects slight. The final slough is usua } 
more extensive than the original burn, and it is difficult to estima e 
extent of the destructive process. Disintegration of the media o i 
arteries, without involvement of the intima, is probably responsi e i 
part for this destruction, as well as for the occasional occurrence o^ 
hemorrhage and necrosis, even some distance from the origina si e o 

the injury.^® j rp? a 

3. Localized Edenia.—ln rare instances the current pro u 
localized edema, which readily subsides. This may occur witiou 
association of burns. 


PATHOLOGY 

In comparison, with the profound clinical disturbances 
in electric shock, postmortem evidence as to the exact ‘ 
involved has been disappointing. Certain changes occur, i ' 
with unusual frequency. The vascular changes have 
noted. The arteries are sometimes so friable that ligation is 
sible. Experiment indicates^® that these effects are to le 
not to some specific action of the current. The muse e er 

14a. Lewis, Dean: Electric Burn Causing Necrosis of the Skull, Ann. Surg 


58:149, 1918. t t t * Wvp 6-96 1921 

15. Martin: Vascular Lesions from Live Wire, J. mdust. ' . ’(-„rrcnf? 

16. Jaffe, R. H.; Willis, D.. and Bachem, A.: The Effect of Electric C 

on the Arteries: Histologic Study, Arch. Path. 7:244 (Fe .) 
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media, being the most sensitive part of tlic vessel wall, are most pro- 
foundly affected, and the cooling effect of the circulating blood protects 
the intima, and to a lesser degree the remainder of the wall. There is 
no thrombosis and no defense reaction. The blood is of a low viscosity 
in electric shock. 

When ver}' large currents are passed through the body, as in legal 
electrocutions, capillary hemorrhages are found in the brain and in 
the floor of the fourth ventricle. These currents, however, are far 
greater than those necessary to produce death. The hemorrhages in 
the central nervous system are not found when death is produced by 
smaller currents. MacMahon ^ demonstrated that destructive lesions 
were regularly produced in the nervous system and skeletal muscle 
of animals b}' repeated sublethal shocks. The question arises as to the 
possibilit)" of permanent damage to the nervous system in those who, 
in their work, habitually allow electric current to pass through them. 
Pathologists are not in agreement as to the significance of certain other 
microscopic changes sometimes noted in the central nervous system. 
It is difficult to determine whether these minute alterations are due 
to artefact, postmortem changes or the effect of the current. 

Albuminuria is frequent after electric shock, and usually disappears 
after the third day.^^ Casts may also be present. Hemoglobinuria is 
rather common. Jaffe thinks that the albumin and casts are due to 
toxic products of abnormal protein cleavage. 

Few data are available regarding the effect of the current on the 
pulmonary system. In fatal cases hyperemia and edema of the lungs 
are at times present (Balthazard, Jellinek, Verse). Schridde® noted 
moderate edema of the lungs in 56 per cent of thirty-seven fatal acci- 
dents from low voltage currents. These findings have been supposed 
by Naville and deMoisier to be due to the original arterial hyper- 
tension, causing fluid to accumulate in the alveoli. Primary heart fail- 
ure may also be a factor. The effect of the current on the lungs of 
those who survive the shock does not seem to be great. I know of no 
cases of pulmonary disease in revived persons that could be ascribed 
to the shock, unless as a result of artificial respiration given by 
mechanical respirators. It is safe to say that at the present time there 
are no gross or microscopic visceral lesions absolutely indicative of the 
passage of electricitj'- through the organism or of death from this agent. 

TREATMENT 

The immediate treatment of the unconscious wetim is rarely admin- 
istered by a physician but usually by friends or co-workers. Linemen 
usually work in pairs, so that a companion, previously trained in 
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lesusdtation, is at hand to give prompt aid in case o£ accident. The 
victim should be freed from the current at once. This may have hap- 
pened spontaneously, owing to the action of certain muscles in throw- 
ing him some distance fi'om the conductor as in case 4. Should the 
victim be at a considerable height from the ground, as is frequently 
the case with linemen, the fall alone may be the cause of severe injury 
or death. Again, because of unconsciousness produced by the shock, 
the victim may spontaneously break the circuit by falling away from 
the conductor. On the other hand, the action of other muscles may 
hold him fast to the conductor. This is especially true’ when the 
hands act as areas of contact. 

The circuit may be broken by throwing the proper switch, if near 
at hand, or the conductor may be severed by using properly insulated 
instruments, such as are usually carried by electrical workers, or by 
using an axe with a dry, wooden handle. The current may be diverted 
by allowing a metal chain to make simultaneous contact with the con- 
ductor and the ground. The’ charged person may be dragged away 
from the live line by dry loose clothing or a leather belt, or pushed 
away by a stick of dry wmod or other nonconductor. In touching the 
charged victim, the rescuer should use the foot, remembering that 
currents from foot to foot are never fatal per se, whereas those from 
hand to hand, or hand to foot frequently are. When the circuit is 
broken with an axe or other cutting instrument, the head should be 
turned away from the site of contact in order to protect the eyes from 
the flash which is frequently produced and which may be a source o 
danger from flash cataract for many months.^'' 

Case S. — A lineman on a pole, whose legr was grounded through a telephone 
wire, contacted 4,000 volts with his ear. He fell 20 feet (609 cm.), striking ns 
head on a heavy board. He was unconscious, not breathing, and his pulse was 
imperceptible. He was immediately given artificial respiration by the prone 
pressure method, and was revived in forty-two minutes. On the fourth ay a 
exploratory laparatomy was performed for shock and abdominal pain. The mtra 
abdominal findings were normal. On the fifth day he died. Autopsy discosc a 
rupture of the kidney, which was evidently the cause of death. 

Case 6 . — A lineman on a pole contacted 4,000 volts with his hands. His 
workman saw the accident and noted that the victim was unconscious 
breathing. He immediately cut the conductor, catching the victim as he %\as a ^ 
to fall. Without attempting to lower him he began to give artificial respira lo 
in an unusual manner. He placed the victim so that the abdomen and c ics 
against the pole, and then encircled the pole and the unconscious body 
arms. By pressing and relaxing at regular intervals he induced artificia rcspi 
tion. The patient was resuscitated in five minutes. Severe burns were presen 

17. Franklin, W. S., and Cordes, F. C. ; Electric Cataract, J. A. M- A. 85- 
(July 25) 1925. Lewis. 
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the right liand and the entire left upper extremity, which later necessitated amputa- 
tion of the arm. The victim recovered and the rescuer was awarded a gold medal. 
Had the patient fallen, he might have sustained fatal injuries. 

The patient, freed from the contact, may be dazed or he may be 
unconscious with a normal heart action and respiration. In such cases 
fresh air and quiet are the only necessary therapeutic measures, with 
care that no mcclianical obstruction to respiration is permitted the 
unconscious patient. The victim, however, may l)e unconscious and 
not breathing, but with the pulse still present ; there may be no evidence 
of respiration or heart beat, or the victim may give a few gasps and 
then show no signs of respiration or pulse. Any unconscious wetim 
who is not breathing should immediately be given artificial respiration, 
to be continued without interruption until spontaneous respirations are 
resumed or death is certain. Jex-Blake,® despite his opinion that the 
majority of cases are due to ventricular fibrillation, warns that "only 
the cooling of the body or the onset of rigor mortis should be con- 
sidered as evidence of death.” 

The prone pressure method of Schaefer is without doubt the 
best method of artificial respiration and superior to the mechanical 
devices such as the pulmotor and lung motor. It has the following 
advantages : It is simple, is immediatel)' available, needs only one opera- 
tor at a time, most closely simulates normal respiration and offers less 
danger of rupturing the lungs and blood vessels. Finton has shown 
that the Schaefer method induces 105 per cent of the normal air 
exchange in deep breathing, whereas the Sylvester method induces only 
35 per cent. All pressure and suction types of apparatus, in which 
the regulation of intrapulmonary pressure depends on the operator, no 
matter what his qualifications are, are dangerous and have long ago 
been discarded by progressive organizations. I do not doubt that many 
victims have actually been killed by the very apparatus applied to 
revive them, since there is no scientific basis of regulating the amount 
of force to the tolerance of the patient’s delicate respiratory system. 

The spectacular results of artificial respiration have been a great 
stimulus to the immediate use of this measure and its faithful applica- 
tion over a period of many hours. It is interesting that persons have 
been revived hours after an attending physician has pronounced them 
dead from electric shock, and it has even been claimed that autopsies 
have been performed on victims in states of "suspended animation.” 

18. (a) Drinker, C. K. : Artificial Respiration in Electric Shock and Gas 

Poisoning, J, A. M. A. 83:764 (Sept. 6) 1924. (b) Henderson, Yandell ; 

Resuscitation, ibid. 83:758 (Sept. 6) 1924. 

19. Finton, W. L. : Resuscitation after Electrical Shock, J. Michigan M. Soc. 
23:544, 1924. 
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There is some indication, however, that the value of artificial respi- 
ration in electrical unconsciousness may have been considerably over- 
estimated. In my experience, it has been of no avail in the majority 
of cases, even though given promptly, properly and faithfully by crews 
specially trained in the Schaefer method. 

In the present series of electric accidents, numbering fifty-eight 
from 1922 to 1930 inclusive, fifty-three of the victims (91 per cent) 
died. Important additional data were available in only twenty-seven 
cases. These twenty-seven cases form the basis of the following 
deductions (table). Twenty-two patients, or 82 per cent, were rendered 
unconscious by the shock. In one case artificial respiration w'as 
not begun for thirty minutes and in another it was begun at once 
and discontinued after thirty minutes. In all other patients, in whom 
respirations were absent (74 per cent), artificial respiration by the prone 
pressure method was begun within a few minutes and continued without 
interruption until the victim was revived or rigor mortis appeared. 
In the fatal cases the minimum duration of artificial respiration was 
four hours and the maximum eleven and a half hours. Twenty-two 
patients (82 per cent) died. Of these fatalities four (15 per cent) 
were due to falls and burns. The remainder of the fatalities were due 
to the current alone (eighteen patients, or 67 per cent). Of these 
eighteen patients, sixteen probably died of persistent ventricular fibril- 
lation. This represents 89 per cent of deaths due to the current alone 
and 73 per cent of the total deaths. Uncomplicated paralysis of the 
respiratory center was probably the cause of death in five patients (18 
per cent). These statistics do not agree with those of Drinker and 
others, who reported 76 per cent of recoveries in two hundred an 


sixty-five cases of electric shock. 

No amount of artificial respiration will restore to normal rhythm a 
fibrillating ventricle. None the less it is wise to give this treatment 
continuously if operation is inadvisable, with the thought in mind that 
the diagnosis may be wrong or that spontaneous recovery, should it 
occur, will find the most favorable conditions. I know of no case o 
recovery from electrically induced unconsciousness in which fibrillation 
of the ventricles was known to have been present, and my ci n 
experience confirms the impression gained by experiment, that in i 
majority of cases death occurs promptly from persistent ventricu ar 
fibrillation. The chief problem, therefore, in the treatment of electric 


shock, concerns the treatment of ventricular fibrillation. 

The persons on whom the task of immediate treatment falls are 
unable to judge the nature of any particular case of electric uncon 
sciousness, and in consequence each case is treated as one of respirator) 
paralysis. The physician, however, is better qualified to determine t le 
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nature of the electric accident. So long as there is evidence of normal 
cardiac rhythm, the prognosis is good and artificial respiration should 
be continued. Once the diagnosis of ventricular fibrillation is certain 
and artificial respiration has not revived the patient within fifteen 
minutes after the accident, unduly prolonged artificial respiration is 
illogical. 

The heart sounds may not be audible and the pulse not palpable, 
yet the heart may be beating feebh'. In such cases, however, it is more 
likely that ventricular fibrillation has been produced. If regular pulsa- 
tions are noted in the veins of the neck, and no heart movements are 
heard or felt, ventricular fibrillation is even more likely, as it indicates 
that the auricles are still functioning rh3'thmically. The absence of venous 
pulsations in the neck is not so important, for auricular fibrillation may 
accompany ventricular fibrillation. The diagnosis is uncertain in most 
cases. D’Halluin ° suggested that a drop of ether instilled into one e3-e 
will reveal the presence of even a feeble circulation by the redness 
produced, the other eye serving as a control. During this test the 
patient should lie horizontal and all other influences which might have 
a bearing on the interpretation of the result should be excluded. He 
also suggested that a blunt probe introduced through the skin to lie 
directly against the ventricle would show the presence or absence of 
regular pulsations, or possibl3’’ the tremulations of a fibrillating heart. 

The presence of ventricular fibrillation having been indicated by a 
careful test, the surgeon is confronted with a most grave situation. 
The injection into both ventricles of potassium followed b3'^ calcium,^'^ 
and the passage through the heart of a current at higher voltage than 
that used to produce the fibrillation are likel3’^ to stop ventricular fibril- 
lation in man. In order to restore regular rhythm, both of these 
methods require prompt exposure of the heart for direct massage, a 
heroic measure indeed, which must be performed before the death of 
the vital centers (ten minutes). The carotid route for the administra- 
tion of potassium ' and calcium^® has been successful in dogs without 
cardiac massage, and would be worth attempting in human beings. If 
these measures were unsuccessful, cardiac massage could be resorted to. 
It is therefore clear that the chance of recovery from ventricular fibril- 
lation occurring under the conditions of electric shock is almost hope- 
less, practically speaking, unless the accident occurs in a hospital or 
operating room. In favorable cases the surgeon should not shrink from 
making a quick, abdominal incision and massaging the heart. One must 
realize that grave circumstances call for heroic action, and that, in the 

20. Hooker, D. R. : Chemical Factors in Ventricular Fibrillation, Am. J. 
Physiol. 92:639, 1929; Recovery of the Heart in Electrical Shock, ibid. 91:305, 
1930. 
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words of d Halluin,® Un coeur qui tremule n’est pas une coeur mort 
[A quivering heart is not dead].” 

Reports are not wanting in which quiescent or fibrillating human 
ventricles were revived by prompt cardiac massage. I know of no case 
of massage of the heart in a human subject for the relief of ventricular 
fibrillation induced by the electric current, yet the applicability of this 
procedure, combined with the use of potassium and calcium, as a method 
of treatment appears to be logical. The heart is best approached 
through an abdominal incision. The thoracic approach is more dan- 
gerous and time-consuming. The organ is grasped through the intact 
diaphragm. If this is not possible, the diaphragm should be incised 
near its costal insertion, about 1 inch (2.5 cm.) to .the left of the mid- 
line and the hand introduced through the opening. The heart is grasped 
between the thumb and the first two fingers and gently but firmly 
massaged at the rate of about thirty times per minute. If available, 
calcium chloride may be injected into the ventricles before massage. 
Even if the heart is at rest, cardiac massage should be instituted, but 
without the use of potassium chloride. If massage of the quiescent 
heart produces merely a state of fibrillation, potassium and calcium 
should be administered as advised, and massage should be continued. 

The use of stimulating hy^podermics has been discouraged by those 
most familiar with problems of resuscitation.^^ The intracardiac injec- 
tion of caffeine, epinephrine or alpha-lobeline has been looked on with 
favor by some.-- Lobeline is a dangerous drug,"® and may even cause 
the death of a victim who might otherwise have been revived. Caffeine 
is safer and more efficacious. Inhalation of oxygen alone, or air enriched 
with oxygen, is not advised because oxygen is not a respiratory stimu- 
lant, and may even act as a depressant. The use of carbogen (7 per 
cent carbon dioxide in oxygen) is of definite value not only in those 
cases in which respirations have become spontaneous, but also in com- 
bination with artificial respiration. Zangger, Israel and others ‘ advise 
faradism of the phrenic nerve as a respiratory stimulant. 

Case 7. — A workman on a pole contacted 4,000 volts. He was immcdiatd) 
rendered unconscious. There was no evidence of pulse or respiration. He 'yis 
markedly cyanotic. One and a half minutes after the accident artificial respiration 
was instituted and continued without interruption for about five and one-iia! f hours. 
For one hour his condition remained unchanged. An inhalator arrived at a on 

21. McLachlan, W. ; Resuscitation After Electrical Shock, Canad. A- !• 
17:1346, 1927. Drinker.i®^ Henderson.’®*’ Finton.’® 

22. Morgan, J. G., and Amor, A. J. : Case of Electrocution Witli isotes on 
the Clinical Value of Lobeline, Lancet 1:756, 1928. Jellinck.’ 

23. Drinker, C. K. : Acute Asphyxia as a Medical Problem, J. A. A- 
1263 ('April 21) 1928. Horris, V. H., and Weiss, S.: The Properties of AlpHa- 
Lobeline, J. Pliarmacol. & Exper. Therap. 31:43, 1927. 
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this time. Artificial respiration was then combined with inhalation of carbogen, 
A few minutes after the use of the gas the color of the patient became quite normal 
and remained so for forty-five minutes. At this time the supply of carbogen 
became exhausted. Then the deep cyanosis returned. Fifteen minutes later a 
second supply of gas arrived, and immediately on using the inhalator the normal 
color reappeared and remained normal for another fort}--five minutes, when this 
supply became e.xhausted. Then the cyanosis again returned. Unfortunately no 
more carbogen was available. The c>-anosis continued, despite the use of artificial 
respiration, until rigor mortis set in about two hours later. One can only 
conjecture whether or not the victim would have been saved, had sufficient 
carbogen been available. 

It has been believed that if the unconscious victim were subjected to 
some ph3'sical shock he would quickU' recover, but experiment has not 
confirmed this, and “counter-shock” is now considered unjustifiable.-^ 
Jellinek and others advise lumbar puncture and drainage as a prompt 
therapeutic measure in cases showing signs of increased intracranial 
pressure. Such signs may appear at once or hours after the accident. 
The revived patient should immediately be hospitalized, and kept at rest 
for at least three weeks to guard against sudden cardiac dilatation or 
secondary hemorrhage and to give rest to a possibl)' damaged central 
nerv'ous system. 

Electric burns which during the first tw’enty-four hours appear trivial 
may later become serious, even fatal, from toxic absorption, secondary 
hemorrhage or infection. All electric burns should be treated with care. 
Those of the first degree may be treated with soothing ointments; in 
the second and third degree burns greasy ointments are not advised. 
The less serious second and third degree burns may be treated wdth 
radiant light and ultraviolet rays.*“*^ In severe second and third degree 
burns treatment with tannic acid is recommended. In clean cases the 
coagulum usually separates at about the tenth day. If infection super- 
venes, an anesthetic should be given and the membrane should be 
removed under rigid asepsis, the -wound thoroughly cleaned, all grease, 
scabs and debris removed and the wound treated by antiseptics or b}^ 
radiant light and ultraviolet irradiation. Acriflavine base 1 : 5,000 is 
recommended by Fisher.-' Mercurochrome-220 soluble has been dis- 
carded. Beneficial effects are said to follow the local application of 

24. Campbell, A., and Hill, L. : Countershock as a Method of Resuscitation 
Following Electrocution, J. Indust. Hyg. 6:267, 1924. Drinker.isa Finton.io 

25. Jellinek, S.; Active Treatment of Wounds Produced by Electricity, Wien. 
Win. Wchnschr. 41:766, 1928. Lumbar Puncture in Electrical Injuries, J. Indust, 
Hyg. 11:80, 1929. Value of Lumbar Puncture in Electrical Shock, Internat, Clin. 
1 : 123, 1929 ; footnote 7. 

Schneider, P. : Mechanism Involved in Death from Electrical Shock, J. 
^ndust. Hyg. 11:216, 1929. 

^/27. Fisher, H. E.: Electrical Burns, Illinois M. J. 57:201, 1930. 
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normal horse serum to which 0.35 per cent cresol has been added.-® 
Debridement is best performed after separation of sloughs because of 
the confusion of fascial planes and the danger of alarming hemorrhage. 
Skin grafting by full thickness or pedicle grafts may be indicated when 
the wound is clean and healthy granulations are present. 

On the whole surgery should be approached with caution, because 
of the tendency of the lesions to increase in size and because of the 
vascular injuries which may extend a considerable distance from the 
apparent site. On the other hand, Wells recently advised prompt 
debridement of the burn, followed by an immediate skin graft, claiming 
that the convalescence is thereby considerably shortened. Although his 
series is a rather small one from which to make deductions, it appears 
as if there is merit in his method of procedure in selected cases, pro- 
vided that the debridement is generous enough to remove all affected 
tissue. I have had no experience with this method. Prompt application 
of elastic bandages may be necessary to control hemorrhage from 
arteries too friable to withstand ligature. Emergency amputation of 
necrotic extremities is rarely necessary, and should be resorted to only 
if the patient is critically ill from absorption or infection, and only after 
all other measures have been tried. Indications for amputation may 
occur within a few hours after the accident, or only after days or weeks. 
Rarely is primary suture of nerves or tendons necessary. 

COMPLICATIONS AND SEQUELAE 

In the majority of patients revived from electric shock there are 
no lasting disturbances. Headache is a common early sequel. Some 
dilatation of the heart may be present in severe cases. The pulse rate 
is often slow. There may be inhibition of micturition and marke 
constipation for many days. In severe cases acute cerebral edema i\it i 
epileptiform convulsions may appear, and acute pulmonary edema is 
not uncommon. Paralyses of various tj'pes and grades have also been 
reported.^® These are often associated with sensory and reflex distur 
bances, and they may be transient or permanent. Thompson las 
reported two cases of internal strabismus, one due to contact of t w 
head with 120 volts, and the other to contact of the mouth with 
volts. 

28. Monteith, S. R., and Clock R. O. : The Treatment of Burns With Normal 

Horse Serum, J. A. !M. A. 92:1173 (April 16) 1929. Fisher.-* ^ 

29. Wells, D. B. : Treatment of Electrical Burns by Immediate Resection ar 
Skin Graft, .Ann. Surp. 90:1069, 1929. 

30. Jellinek. S. : Paralysis of the Radial Nerve and Trophic Disfurhaii ^ 
Followinp an Electrical Burn, J. Indust. Hyp. 3:112, 1921-1922. Afeii' c . 
Unilateral Spinal Paralysis from Electrical Injury, ihid. 10:78. 1028. 
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At various times reports iiave been made of the association of 
cutaneous burns with acute gastro-inteslinal ulceration in man. In recent 
experiments on rats higli frequency electric burns were associated 
quite regularly with ulceration of the gastro-intestinal tract. There 
were no cases of the so-called “Curling” ulcer in my series. Some of 
the patients showed gastro-intestinal symptoms of a mild type, which 
cleared up promptly under the administration of sedatives. 

Certain sequelae appear quite late, even in cases in which the shock 
is more or less slight. Of special interest is the effect of the current on 
the skeletal system.^- Jellinek has called attention to certain unusually 
fine and delicate lines in the roentgenogram, some onh’ 1 mm. long, and 
difficult to distinguish from the normal bone structure. These lines 
may not appear for hvo or three weeks, and may arrange themselves 
in linear, zigzag or stellate patterns. They constitute the mildest mani- 
festation of the effect of the electricity on living bone. Nothing may 
happen for weeks or months, and finally an osteoporosis ma)' develop 
to an extent that spontaneous fractures are produced or sequestrums 
extruded. Areas of rarefaction in the roentgenogram have been traced 
back to these early manifestations, which occur most commonly at the 
contact zones. 

Other late sequelae may involve the central nervous system. There 
may be marked disturbances of the psyche, with feelings of inferiority 
and impending disaster, insomnia, amnesia, defects in concentration, 
loss of sexual power and psychoneurotic s 3 ’ndromes such as are seen 
after cerebral concussion. A great variety of sensory and motor dis- 
turbances of the nervous system have been reported, e. g., ascending 
peripheral neuritis, flaccid paralysis of the extremities, peripheral neu- 
ritis of the sensory nerves and choreo-athetosic disturbances. The 
electric flash ma}" be the cause of photophobia, conjunctivitis, retinitis, 
disturbances in color vision and even atrophy of the optic nerve. 
Cataract is an occasional sequel to the electric flash, and the possibility 
of the development of this condition must be considered for a period of 
two years after the injury.^' There may be disturbances in blood 
pressure owing to the effect of the current on the vasomotor center.^" 

When a worker receives a shock from which he recovers within a 
few minutes, it is the custom of employers to allow him to continue 


31. Baldwin, W. M., and Dondate, M.; High Frequency Burns in Rats, 
Proc. Soc. Exper. Biol. & Med. 27:65, 1929; Baldwin, W. M., and Nehon, W. C; 
Histological Effects Produced in Albino Rats by High Frequency Currents, ibid. 
26:589, 1929. ' • 


32. Jellinek, S. : Rontgenologische Knochenaufnahmen bei Behandlung 
electrische Unfalle, Wien. med. Wchnschr. 79:543, 1929. Pulugr-a 3 % J. ; Bone 
Changes After Injury by Electric Current, J. Indust. Hyg. 7:180, 1925. 

Pfalz, W. : Hypertension After Electrical Injury, J. Indust. Hyg. 5:67, 



248 


ARCHIVES OF SURGERY 


with his activities. The complications and, sequelae noted should be 
sufficient warning, however, that every case of electric shock, if at all 
severe, should be considered as a hospital emergency for several days 
or until all danger is passed. Victims who have been rendered uncon- 
scious, or who have displayed even mild signs of damage to the central 
nervous system, should be kept at rest for three weeks. Roentgenologic 
studies of areas which have served as contact poles should be made at 
regular intervals until all danger of osteoporosis is over. 

The victim may be incapacitated for long periods of time as the 
result of his injury. Especially when psychic disturbances are con- 
cerned, one is tempted to brand such patients as malingerers or hystero- 
neurotic persons. It is often difficult to judge just how much is due 
to the effect of the current on the body and how much to an attempt on 
the part of the patient to obtain prolonged compensation. The current 
is an agent which may produce profound functional changes in the 
central nervous system, and thus offer difficulty in properly evaluating 
symptoms which might be ascribed to it. 

SUMMARY AND CONCLUSIONS 

1. The factors which influence the effect of the electric current on 
the living organism have been considered. 

2. The mechanism of the production of death from electricity in man 
and in animals has been considered and cases have been cited. 

3. It is probable that death from electricity in higher animals is 
due, in a majority of cases, to primary fibrillation of the ventricles. 
In man this condition is hopeless unless prompt and heroic treatment is 
instituted. 

4. Postmortem findings fail to explain the cause of electric death. 
Changes in the walls of the vessels are noteworthy. Pleat rather than 
electrolysis is probably responsible for most pathologic changes.^ 

5. The treatment of electrically induced failure of the respirator} 
center is artificial respiration by the prone pressure method unti t ic 
victim breathes or until death is certain. 

6. The treatment of electrically induced ventricular fibrillation is 
prompt cardiac massage, preceded if possible by the intraventricu a^ 
injection of potassium salts followed by calcium salts. The caro 
route for the administration of these salts may prove sufficient 

the use of cardiac massage. If available, an appropriate curren m., 
be passed through the heart, followed by cardiac massage. 

7. The value of prolonged artificial respiration as a 
measure in unconsciousness produced by the electric current 

have been overestimated. In 82 per cent of tivcnty-seven co ^ 
cases the patients died despite its use under ideal conditions over 
periods of time. 
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S. Stinnilating liypodcnnics. inhalation of pure oxygen and counter- 
shock are not advised. Inhalation of carbogen is a valuable aid to 
artificial respiration. Lumbar puncture has a definite place in the treat- 
ment of certain patients. 

9. Electric burns may be treated b)- radiant and ultraviolet irradi- 
ation. Ointments and dusting powders are not advised in severe burns. 
Immediate debridement and skin graft have been successful in a small 
number of cases. On the whole, surgery should be employed with 
caution. 

10. The sequelae of electric shock are many and varied. The most 
important ones affect the skeletal and nerr'ous systems. 



CARCINOMA OF THE LIP 

CLINICOPATHOLOGIC ANALYSIS OF SEVENTY-SEVEN CASES AND 
SUGGESTION FOR RATIONAL PLAN OF TREATMENT 

OLAN R. HYNDMAN, M.D. 

IOWA CITY 

In a recent review of seventy-seven cases of carcinoma of the lip, 
several interesting facts were revealed and considered worthy of 
publication. 

Epidermoid carcinoma of the lip comprises from 2 to 3 per cent 
of all cases of cancer and occurs twelve times as frequently on the 
lower lip as on the upper.^ The factor of regional metastasis trans- 
forms the primary lesion from a relatively innocuous and curable one 
to an incurable one in at least 50 per cent of the cases. Metastasis to 
regional nodes (submental and submaxillary) is an embolic phenomenon. 
As a rule, metastasis from a cancer of the lower lip appears first in 
the submental glands and then in the ipsolateral submaxillary glands. 
However, in many instances the first metastases appear in the contra- 
lateral submaxillar}' glands. The regional glands of the neck present 
an almost impassable barrier to further metastasis. Remote metastases 
occur in only about 1 per cent of cases. In general, when death results 
from cancer of the head and neck, it is because of local and regional 
development of the disease and not because of distant invasion. 

The attitude toward treatment of cancer of the lip has been con- 
sistently in favor of some form of radical dissection of regional nodes. 
However, Bloodgood has recently emphasized the fact that early spina 
cell cancer of the lip is seldom associated with metastasis, and that if 
metastasis is present, it is most frequently a late event.^ He recom- 
mends the cell grading of Broders and McCarthy as valuable in deter 
mining the treatment of cancer of the lip. _ 

Dr. Edmund Kelly has studied the results in a large series o 
patients treated at the Kelly Institute in Baltimore, and briefly sums up 
his impressions as follows ® : The cases fall roughly into three groups. 
In the first group, in which the primary lesion does not involve more 
than one half of the lip and there is no palpable evidence of metastasis 

From the Department of Surgery, College of Medicine, State Universit) 

1. Crile, G. W. : Cancer of the Jaws, Tongue, Cheek and Lips, Surg., 

& Obst. 3G;159 (Feb.) 1923. . . ^ 

2. Bloodgood, J. C. : Cancer of the Lip, in Lewis, Dean : Practice o 
gery, Hagerstown, Md., W. F. Prior Company, 1930, vol. 4, chap. 4, p. / • 

3. Personal communication. 
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to the glands, more than 95 per cent of complete, permanent cures are 
obtained with a single treatment with radium. In the second group, 
in which the primary lesion involves not more than one half of the lip 
and a few small palpable glands are involved, there are occasionally 
complete cures and frequently good palliation. In the third group, in 
which the lesion involves more than one half of the lip or is invading 
the cheek and is associated with large metastatic glands, no cures are 
obtained, and palliation is hardly worth while. Dr. Kell}- expressed 
the belief that if small glands are palpable, excision may be advisable. 
If no glands are palpable, the neck should be spared dissection, since, in 
his experience, metastasis has almost always occurred late and only 
after the primary lesion is advanced and secondarily infected. 

In general, the cases fall into three groups: Group A consists of 
those cases in which the patients present epidermoid carcinoma of the 
lip, with no palpable evidence of glandular metastases. The results 
of surgical intervention or radium therapy in these cases are uniformly 
excellent. The reason is obvious and twofold — early attack and 
accessibility. Which manner of treatment one chooses is essentially of 
minor consequence. Radium is “easier to take.” On the other hand, 
by surgical excision the lesion is removed at once and the possibility 
of leaving a few viable cancer cells lurking in the scar is completely 
obviated. In addition, excision makes it possible to study the primary 
lesion microscopically, which, as will be referred to later, I believe is 
of much more than academic importance. 

Group B consists of cases in which there are palpable submaxillary 
or submental glands which have not become so large and tumefied as 
to be obviously malignant. It is not to be denied that an attempt to 
differentiate beUveen inflammatory hyperplasia and glands containing 
tumor cells will be productive of a large percentage of errors.^ It is 
for this reason that statistics concerning this group of cases from a 
radiologic clinic or, in any event, from a place where microscopic sec- 
tions are not available, are to be strongly questioned. The present 
study bears this out. That is, a clinical diagnosis of metastasis has 
proved to be wrong so much more frequently than the reverse error 
has been made that, in the absence of microscopic proof, results from 
radium therapy may seem miraculous but are only misleading. It is 
this group that deserves the most careful attention and discrimination. 
Our results are in accord with those of Dr. Bloodgood, who stated 
that much unnecessary surgical intervention is done in these cases. 

4. In order to have a more accurate record of these cases for purposes of subr 
sequent study, a pictorial form has been introduced. See figure 1 in connection 
with case report of G. O. (case 25). Such a diagram might be of value to the 
surgeon as a record, and in teaching hospitals should represent the composite opinion 
of all the members of the staff at the time when general rounds are made. 
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Oui records show that altogether too large a proportion of patients 
have been subjected unnecessarily to a bilateral block dissection of the 
submaxillary regions, including the submaxillary salivary glands. It 
might be argued that chances should not be taken. The operative field 
is a vaseular one; healing is good, 'and no untoward results seem to 
occur from the loss of both submaxillary salivary glands. If this 
were true, it would still not meet the endorsement of good surgical 
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Fig. 1. — Diagram for case 25, illustrating value of pictorial form as a recor 
and its use in teaching. 

practice. More careful discrimination leading to the preservation of 
tissue is a far greater surgical conquest than a presumably good resii 

under an unnecessary scar. _ i • = 

In group C should be included cases of advanced primary 
and metastases. Though these patients should be given every bene 
that surgical intervention and radium therapy can feasibly and prac 
ticably offer, there is no doubt concerning the prognosis. 

The present analysis of cases has been divided into two parts. ^ 
part I, the clinical picture is correlated with the pathologic observa lo 



Table 1. — Correlation Bctivccn Histologic Appearance of Primary Lesion and the 

Clinical Course 


1. Only "F" Section 

Case i'olIow-Up nntl Comments 

I Well, 5 yenrs* 

- Well, 12 years 

3 Well, C years; an adenocarcinoma 

■S Well, 4 years 

5 Well, ? years 

6 Well, 5 years: small sore on lip at present 

< Well, 5 years 

S Well, 5 years, “T" section; removed a eland lor biopsy, which was negative; e.\'clslon 
of recurrence on lip one month later; now well after five years 
9 Early recurrence on lip, treated elsewhere 

10 Rccurrcnco on lip (4 by S cm.) with walmtt-slzed gland In left submaxIUn one year, 
nine months later; lesion practically Inoperable when first seen; plastic repair of lip 
necessary, and operation paliiatlvc 

II No radical operation bccau.'e of age: returned in five months with painful mass in 

right submaxillar)' region; too advanced for benefit 

12 “W section with plastic operation; operation only for palliation; no report 

13 No report 

14 No report 

15 Well, 7 years; died of other cause 

16 No report 

IT No report 

IS Had no palpable glands: no report 

19 Well, 8 years 

20 Well, 9 years 

21 Deep ulcer, no palpable glands; required plastic operation; no report 

22 Required piastic operation; no report 


2a. Radical Bilateral Dissection; Clinically, Metastasis; Microscopically, Ncgalit’c 


Case 


Comment 


Follow-Dp 


23 

24 
2o 


2C 


27 

28 
29 
SO 

31 

32 

33 

34 

35 

36 

07 


38 


Had smalt hard submental gland 

Had small freely movable submaxlllary gland 

Operation, 1921; recurrence (2) ten years later; submaxll- 
lary gland removed in 1931; mlcroseopically ncgatlvo 
(«g. 1) 


Bilateral metastasis clinieally 


Clinical submental carcinoma 


A gland near median line was aberrant thyroid 

Lip well H years; lesion developed on bact of tongue 
destroying one half of tongue and causing aphonia; 
diagnosed as tuberculosis by home physician 


Well 7 years 
Well 9 years 


Red pimple appears on 
lip occasionally and 
goes away; other- 
wise well three years 
Well 4 months 
No report 
No report 
No report 
No report 
Well 8 years 
No report 
Well 8 years 
No report 
Well 14 years 


No report 


2b, RadieaLBilateral Dissection; Clinically, Metastasis; Microscopically, Positive 


Case 

39 


40 

41 

42 


43 

44 

45 

46 

47 


Follow-Up 

Returned in 2 months (dry mouth), no recurrence; 4 months later, walnut-sized metas- 
tasis to left submaxillary; excised; 1 month later, two more metastatic nodules; 
2 months later, many cervical nodes Involved 
Well 3 years 

No recurrence In IG months; swelling in left lower part of neCk 3 years later 
Recurrence on lip in 2 months and metastasis in right submaxlllary region growing 
fast and painful 
Well 2.5 years 

Well 10 years (seen in person; result excellent) 

Died In 7 months; tumor destroyed lower part of face, tongue and part of upper jaw 

Died in 2 years of recurrence 

Died in 2 years from extension in the neck 


2c. Radical Bilateral Dissection; Clinically, Negative; Microscopically, Positive 


Case 


Comment 


Follow-Up 


No glands mentioned in the record of this patient, 
but at operation, a left submental metastatic 
node found which should have been palpated 
clinically 


8 years later “sore” appeared 
on the lip, disappeared under 
home remedies; no recur- 
rence for 3 years 


* The follow-up denotes the status to the end of 1930. "Well" means that there Is no 
evidence of any lesion on the lip or palpable lump under the jaws or chin. 
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Table 1. —Correlation. Bctivccn Histologic Appearance of Primary Lesion and the 

Clinical Co urse — C on tinned 


2d. Radical Bilateral Dissection; 
Case 

49 

50 

51 

62 

63 

54 

55 

50 

57 

5S 

59 

GO 

G1 

G2 


Clinically, Negative; Microscopically, Negative 

Pollow-Up 

Well, 2 years 

Well, 2.5 years 

Well, 2 years 

Well, 2 years 

Well, 2 years 

Well, 2 years 

Well, 2.5 years 

Well, 10 years 

Well, 5 years 

Died In 15 months of other cause; lip well 

No report 

No report 

Well, 2 years 

Well, 3 years 


Case 

63 

G4 

65 

66 
67 

6S 

69 

70 


71 

72 

73 

74 

75 

76 

77 


3 . Radical Unilateral Dissection 

Comment 

Clinically and microscopically negative; right radical 
dissection 

Clinically and microscopically negative 

Clinically and microscopically negative; left radical 
dissection 

Clinical findings positive for glands on left; micro- 
scopically negative 

Clinical data positive for submental gland; microscopic 
data negative 

Clinically positive; microscopic data negative 

Clinical findings suggestive; microscopic data negative; 
right radical dissection 

Clinical findings suggestive; microscopic data negative; 
left radical dissection 


Clinical findings suggestive; microscopic data negative; 
left radical dissection 

Clinical findings suggestive; microscopic data negative; 
left radical dissection 

Clinical data suggestive; microscopic observations neg- 
ative; left radical dissection 

Clinical and microscopic data positive 

Clinical and microscopic data positive 

Clinical and microscopic data positive; enlarged gland 
at carotid bifurcation 

Clinical and microscopic data positive; left radical dis- 
section 


rollow-Up 
Well 3 years 

Well until death from 
other cause 

Died in 5 years of other 
cause; lip well 
Well 3 years 

Well 3 years 

Well 3 years 
Died of other cause in 
9 years; lip well 
10 years later small sore 
developed on left lower 
lip; stated appearance 
not Ute cancer 
Well 15 years 

No report 

Well 12 years 

Died in 8 months of 
recurrence In neck 
Recurrence in lip and 
neck in 10 months 
Well ? years 

No report 


on the glands and the subsequent course. In part 11, an independent 
study of the primary lesion is made in an attempt to find a correlation 
between its histologic features and the course of the disease. 

I. CORRELATION OF CLINICAL PICTURE WITH PATHOLOGIC 

OBSERVATIONS 

Analysis of Cases (Table If.—Tbe following analysis was made of 
sevent 3 '^-seven consecutive cases. They were grouped in three categories . 

(1) Cases in which onl}'^ a “Y” section was made for the primar\ 
condition and in which the patients were spared the radical operafiom 

There 5 vere tw'cnty-two cases. In eleven the patients have remamc 
well for from four to twelve years: one of them presented a pnma , 


HYNDMAN— CARCINOMA OP LIP 


255 


adenocarcinoma of the lip ; in two cases the condition was too advanced 
when the patient was first seen for more than palliation to be attempted, 
and in eight cases there was no report. 

(2) Cases in which bilateral radical dissection of the submaxillary 
nodes, including the submaxillary salivary glands and submental glands, 
was performed. These naturally fell into four significant groups with, 
regard to regional metastasis : 

(fl) Cases in which a clinical diagnosis of metastasis was made but 
in which the microscopic observations were negative. There were six- 
teen cases of this type; nine of the patients were well for from three 
to fourteen years, and there was no report on seven. 

(6) Cases in ^Yhich both the clinical and tire microscopic observa- 
tions were positive. There were nine such cases. Three of the patients 
are well after two and one-half, three and ten years, and the other six 
either died of recurrence or have a recurrence at the time of rvriting. 

(c) Cases in which the clinical observations were negative and the 
microscopic ones positive. There was one case of this type. Palpable 
glands were not mentioned in the record, but at operation a left sub- 
mental metastatic node was found which should have been palpated 
clinically. Eight years later a “sore” appeared on the lip. This dis- 

' appeared after the use of home remedies and has not recurred for 
three years. 

(d) Cases in which both the clinical and the microscopic observa- 
tions are negative. There were fourteen of this type ; eleven of the 
patients are well after from two to ten years ; no report has been, 
received from two, and one died in fifteen months of another cause. 

(.2-)- A group in which only a unilateral radical dissection was done. 
There were fifteen cases, and they fell into subgroups in about the 
same proportion as those in which a bilateral radical operation was 
performed. 

Comment . — From these cases, little estimation can be made con- 
cerning the added value of irradiation. However, in all cases with 
proved metastases intensive irradiation was employed. In spite of the 
combined treatment, the mortality from recurrence was greater than 
50 per cent. 

In stud 3 dng the microscopic sections, there is no doubt that a biopsy 
of the glands palpated would have demonstrated metastases when 
present, thus eliminating the possibility of an oversight. Experience 
has shown that the fascia or parenchyma of the salivary glands does not 
exhibit metastatic cancer cells, except in the most obviously advanced 
lesions. 
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niustrathr Case . — The followingf report (table 1, case 25) is of 
considerable interest with respect to clinical impression. 

G. O., an American laborer, white, entered tljc hospital on March 10, 1931, with 
a carcinoma (recurrent?) of the lower lip. Ten years previously, a carcinoma of 
tl)c lip was resected with a simple “V" section, and bilateral radical dissection of 
tile glands was done at thi.s hospital. The wound healed uneventfully. Six 3 ’£ar 5 
ago the patient noticed that he was snagging his lower lip with a jagged upper 
incisor, fhree months ago a painless ulcer appeared to the right of the old scar. 

On examination, a vertical midlinc scar of the lower lip and a linear scar below 
each mandible could be seen. .‘\n ulcerating, fungating carcinoma occupied prac- 
tically the entire right half of the lip, including a part of the scar region. The 
base was indurated. A prominent, firm, fixed gland about 1.5 cm. in diameter was 
located just Iiclow the angle of the right mandible. 

It is interesting to speculate on whether the carcinoma was recurrent after such 
a length of time or whether it was a new and independent lesion. However, there 
was no doubt that the enlarged gland was involved by metastases. The lesion of 
the lip was c.xciscd witir an adequate margin, the closure being aided by a right 
DicfTcnbach plastic procedure, and several days later the gland was removed. The 
latter was examined carefully microscopically; only inflammatory tissue was 
revealed. 


Factors of Interest . — All cases occurred in patients between the 
ages of 38 and 80, and the relative proportions in the fifth, sixth,, 
seventh and eighth decades were 9, 26, 23 and 19. 

The relation of males to females was 76:1. 

All patients were of the white race. 

The duration of the lesion before the patient came to the hospital 
ranged from three weeks to twenty years. Between these extremes, 
ordinary averages do not mean a great deal. Curiously enough, how- 
ever, in the entire group in which there were nonmetastatic lesions, 
there was an average duration of twice that of the group in which there 
were metastatic lesions; this fact indicates that neglect of the lesion 
or its duration is not so important as the type or grade of malignancy. 

Etiology . — ^While it is true that in more than 90 per cent of the 
instances one can elicit the occasion of irritation and trauma to the lips, 
no correlation between the irritation and the grade of malignancy is 
exhibited. In fact, the patient presenting one of the most malignan 
recurrences seen in group 2 b (case 42) did not smoke, and he remem 
kered no trauma other than the initial lesion. While I believe t a 
irritation and trauma conducive to a long-continued inflammation are 
most important factors in the etiology of cancer, particularly of the s m, 
they are only factors and ones about which, taken as a whole, litt c i 
known. There are, on the one hand, enough patients presenting carcin 
oma of the lip who do not smoke and, on the other hand, a large 
population of incessant smokers who never have cancer of the lip to ma 
■one look on smoking as a specific cause with considerable reserva lO 
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SiDuuuiry. — 1. Eighty per cent of epidermoid carcinomas of the lip 
are essentially a benign form of ncojilasm and are slow to metastasize. 
The prognosis after conservative surgical intervention in these cases 
ranges from good to excellent. 

2. Ability to determine meta.'^tasis clinically is inadequate. 

3. There is a relatively small group of lesions which appear clini- 
cally to be highly malignant. Metastases develop early, and regardless 
of radical surgical intervention plus intensive irradiation. 50 per cent of 
the patients at best may be cured. 

II. PATHOLOGY OF THE PRIMARY LESION' .AND ITS CORRELATION 
TO METASTASIS AND PROGNOSIS 

Degree of Malignancy . — It is of interest to note whether there is a 
dependable relation between the histologic appearance of the primary 
carcinoma of the lip and the clinical progress and ultimate prognosis. 

Since the time of Virchow, it has been recognized that the degree 
of malignancy of a neoplasm is inversely proportional, in a general 
way, to the degree of differentiation which the type cell undergoes. 
The degree of differentiation itself is manifested by the histologic 
features of the tumor. Broders and McCarthy have made commend- 
able efforts toward classifying neoplasms in four categories on this 
basis, with the view to introduce a rational correlation between the 
histology of the primary tumor and what may be expected of its natural 
history. 

In exceptional instances the rules laid down will not hold, but in 
general they apply with as great a percentage of accuracy as in the 
interpretation of any complex biologic phenomenon. 

In brief, Broders and McCarthy hai'e placed the neoplasms in which 
the type cell is undergoing the most advanced differentiation (and 
which therefore are least malignant) in group 1 and those showing 
the least evidence of differentiation (and which therefore are the most 
malignant) in group 4. The remainder of the neoplasms they har-e 
placed in the intermediate groups, 2 and 3. 

In the application of these principles to carcinoma of the lip, kera- 
tinizaffon and pearls, in general, give erddence of the advanced differ- 
entiation of the epithelial cell, and signif}-, as a rule, a carcinoma of 
relativety low malignancy. Other factors must be taken into con- 
sideration, but there seems to be no doubt that an epidermoid carcinoma 
composed of large papilliform groups of cells in fairly regular forma- 
tion and undergoing complete differentiation to form large, keratinized 
pearls is a relatively slow-growing tumor with little propensity for 
ear \ metastasis. Indeed, manj'- of the large keratinized pearls sur- 
rounded b}' a layer of epithelial cells differentiating from a fairly well 
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dffinc’d i)asai coll to the ultimate corneum appear not unlike tiny 
epithelial inclusion cysts. Again, such masses of buried epithelium 
evoke ;i considerable foreign body reaction and one often sees, in places, 
many foreign hocly giant cells, a thick barrier of leukocydic cells and, 
further, an attempt to check the progress of the lesion with a wall of 
scar tissue. 

On the other hand, when the cells arc present in undifferentiated 
inas.ses or cords and .show abundant mitotic figures, as these ty'pes most 
often do, the grade of malignancy is high, with a tendency toward 
early metastasis. Therefore, there is no question but that a study of 
the primary lesion can be of considerable value in augmenting the 
knowledge one has gained from the clinical study. 

Broders’ Classificolion. — Broders, in 1920, made an extensive survey 
of 537 ca.sc.s of cnrchioina of the The following is a brief sum- 
mary of some of the information. 

Pathologic observations in cases in which nodes were removed 
(449 cases) : 


(a) No metastases found 

Metastases found 

(b) Degree of malignancy: 
Grade 

1 


344 (76.62%) 

105 (23.38%) 

Per Cent 
15.82 

9 


62.01 

S 


21.04 

A _ 


1.11 

(c) Average size of ulcer: 

Grade 


Cm. 

1 


... 1.23 

9 


. . . 2.28 



. . . 3.25 

4 


. . . 1.90 


With Metastasis 

Without Metastasis 

(d) Average size of ulcer 


2.01 cm. 

Average duration 

3.27 yrs. 

2.40 yrs. 


Therefore (c) and (ff) show that the size of the ulcer is no in ma 
tion of its degree of malignanc3^ One is not justified in 
the lesion from its gross appearance. The size and duration o 
primary lesion are not, within reasonable limits, indications o 
presence or absence of metastases. 

5. Broders, A. C. ; Squamous Cell Epithelioma of the Lip: A 
Five Hundred and Thirty-Seven Cases, J. A. M. A. 74:656 (March 6) 
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(e) Relation of degree of malignancy to metastasis : 


Cases 

Grade of 
Malignancy 

Metastasis 

Xo ^Metastasis 

67 

1 

0 

67 (1007c) 

287 

2 

39 

248 

92 

3 

63 

29 

3 

4 

o 

o 

0 


Therefore 79 per cent of the cases fall in groups 1 and 2 and 21 per 
cent in 3 and 4. 

In groups I and 2 combined. 11 per cent of the cases show metas- 
tasis. and 89 per cent are without metastasis. 

In groups 3 and 4 combined. 66 per cent of the cases show metas- 
tasis, and 34 per cent are without metastasis. 

It would seem, then, that there is ample room for discrimination in 
dealing with carcinoma of the lip, and that some more rational working 
plan could and should be established for its treatment. 

Authors Classification . — ily associates and I do not follow Broders’ 
classification exactly, but feel that an adequate working plan can be 
formulated as follows, and it is on this basis that our primary lesions 
have been classified: 

Group 1, the ver}- benign appearing lesions, including warts, 
so-called precancerous lesions and epidermoid carcinomas, which would 
fall in Broders’ grade 1 (fig. 2). 

Group 2, epidermoid carcinomas which show an advanced degree 
of differentiation, with more extensive keratinization and pearl forma- 
tion than in group 1 ( fig. 3 ) . 

Group 3, a group corresponding to Broders’ grade 4, that of the 
obviously malignant lesion as evidenced by lack of differentiation and 
the abundance of mitotic figures. An occasional lesion will show kera- 
tinization and 5 -et will be placed in this group, for example, one in 
which keratinization is evident but small in amount or one in which 
the cells are greatly scattered and dissociated, with multiple tiny pearls. 
The mere presence of a pearl here and there does not necessarily 
militate against the lesion’s being highly malignant. After all, there 
are no sharp lines of separation (fig. 4). 

The microscopic sections of the primari- lesions in the following 
cases were studied and classified without knowledge as to which cases 
they belonged. The case numbers were later attached. Sections for 
all of the cases were unfortunately not available. Sections from cases 
m which the condition was inoperable when the patient was first seen 
vere not included for obvious reasons. Any malignant lesion if neg- 
lected and given time enough will become inoperable, owing to either 
size or metastasis and, as stated early in the paper, attention is not 
directed to the cases in which the condition is ob\nously inoperable 
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when first seen. As a corollary to this, occasionally a priniar}' lesion 
is I'cmoved which, though exhibiting the characteristics of high grade 
malignancy, is not accompanied by metastasis, and a cure will be eft'ected.® 

Aiin/_v.ri5 of Cases (Table 2 ). — Sixteen cases fell in group 1. Natu- 
rally. all of these lesions showed marked keratinization and well defined 
limitation. When these were correlated ndth the respective cases, it 
was found that a radical dissection of the glands had been performed 
in twelve. None of these revealed metastases. Ten patients were 
reported as being well from two to fourteen years afterward. 

Twenty cases fell in group* 2. All of the lesions showed marked kera- 
tinization also, but were not so markedly delimited as in group 1, and 



Fig. 3.— Low power photomicrographs of epidermoid carcinomas of the lip 
vhicrt are considered typical of group 2 (table 2). 


were more advanced. Twelve patients had undergone the radical 
operation. Only two of them revealed metastases; in one, the process 
vas fatal, and the other patient has been well for two and one-half 
years. In eight cases, radical operation was not performed, but five of 
the patients were reported as being well from five to nine years later. 

Ten cases fell in group 3. Seven of the patients had undergone 
the radical operation; in six instances metastases were revealed. Four 
of the six patients died noth recurrence; one is alive after three years, 
and the other did not report. 

6. Dr. Schenken of the Department of Pathology' aided me in the study of the 
primary lesions. 
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All lesions in this group revealed an undifferentiated cell with infil- 
tration and no keratinization, except one, in which the cells were greatly 
scattered, and in which there were multiple tiny pearls. 

In case 3 the process proved to be a primary adenocarcinoma which 
appeared highly malignant intrinsically, but which seemed well encap- 
sulated ; it was excised with a wide margin. This case is included with 
the epidermoid carcinomas because when such a process is found it 
should be obviously treated as a group 3 lesion (case 3, fig. 4). 

In summary, therefore, thirty-six of the primary lesions were classed 
histologically as relatively benign. Only two of them were associated 
with metastases at the time a radical operation was done. Only a small 


Table 2. — Arrangement of Cases According to the Histologic Apf’carancc of the 

Primary Lesions 


Group 1 

Group 2 

Group 3 

f:K:V:-l* 

G:K:V:.i 

1G:K:V;— 

9;K;V:7 

7:K;V:r. 

;V:G; adenocarcinoma 

13:K:V:— 

S:K:V:.'i 

.'i4:~:R:X:2 

17:K:V:— 

14:K:V:— 

40:— :R:M:3 

ffi;K:R;X;7 

40;K;R;X:2 

42;— ;R;M: rapid recurrence 

20:K:R:X:3 

.il:K:R:X:2 

4.7:— :R:M: died of recurrence 7 mos. 

27:K:R:X:4 mos. 

3S:K:R;X:— 

40:— :R:M: died of recurrence 2 yrs. 

23:K:R:X:— 

0l;K:R;X;2 

74;— ;R;M: died of recurrence S mo=. 

29:K;R;X:— 

C7:K;R:X:- 

77:-;R:M:— 

52:K:R:X:2 

IS;K:V:- 

22;-:VP:- 

57:K:R:K:5 

34:K:R;X;S 


62;K;R;X;2 

10:K;V:S 



20:K:V:9 


6S:K:R:X;3 

35;K:R;X:— 


72:K;R;X;— 

37;K;R;X:n 


S6;K:R;X;14 (aberrant 

32;K;R:X:S 


thyroid) 

21:K:VP:— 



3V.K;R;X;— 



31):K:R: micro.scopic metastasis recurred in many nodes 


43:K:R: microscopic metastasis, well 2.5 yrs. 


' Left hand numeral indicates case number; K, keratinization; V, received only “T” sec- 
tion; VP, only “V" section, but required plastic repair; R, some form of radical section: X, no 
microscopic metastases, and M, demonstrated metastases. The last numeral indicates the 
number of years the patient has been free from recurrence: and — , no report from follorv-up. 

percentage remain uproved as to metastasis, that is, the few patients 
on whom a radical operation was not performed and from whom a 
follow-up report was not received. On the other hand, of the ten 
lesions which were classed as highly malignant histologically, six showed 
metastases, and more than half ended fatall)^. 

So far as a working knowledge is concerned, one might classify 
groups 1 and 2 as a single group, except that it is perhaps well to pro- 
vide a group to accommodate lesions the malignancy of which is ques- 
tionable. In studying the sections of the primary lesions the impression 
was gained that the nonkeratinizing ones which fell in the highly malig- 
nant class arose from the buccal side of the lip. It seems rather logical 
that this is true. The usual keratinizing carcinoma of the lip should 
be comparable to other epidermoid carcinomas of the skin. In general. 
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the latter are slow-.^rowintj. and they metastasize late. On the other 
hand, carcinomas of the hiiccal mucous membrane present keratinization 
less fie(]uently and have a greater propensity for early metastasis as 
well as for rajnd growth. 

J he results of this review hear out the fact that a rational working 
plan can he obtained concerning the treatment of carcinoma of the lip 
with respect to the advisability of a block dissection of the glands of 
the neck and irradiation. J'hc criteria for formulating judgment as 
to the method of treatment arc: (1) careful clinical examination and 
(2) microscopic study of the primar\' lesion. A plan such as the fol- 
lowing one may he followed: 

(n) If no suhmaxillary or submental glands are palpable, remove 
by adequate tnargin the primary lesion. If the microscopic study 
proves the lesion to he in groups 1 or 2 as previously mentioned, further 
surgical intervention would not he advised. 

(b) If suhmaxillary or submental glands are palpable and their 
condition is qucstionahle, one or more of those most suspected may be 
easily removed under local anesthesia and e.xamined by the pathologist. 
Frozen section, if available, way be of considerable aid and expedite 
further surgical procedures if they are indicated. If the sections do 
not show metastascs. remove the primary lesion only. If microscopic 
stud}' of the primaiy lesion proves it to be in groups 1 and 2, further 
surgical intervention would not be advised. (The glands which were 
removed may also be studied in the routine manner.) If a metastatic 
lesion is found in aip' gland, a thorough bilateral block dissection of at 
least the submaxillaiy and submental glands followed by an adequate 
course of irradiation should be done. (Whether or not block dissection 
of the anterior cervical nodes should be carried out in such an instance 
is a matter of personal opinion.) 

(c) If the primary lesion falls in group 3, its high grade of mahg 
nancy and propensity for early metastasis indicate complete block dis 
section followed by irradiation, regardless of the clinical findings. If 
any instance a patient should be given radical surgical treatment an 
irradiation, regardless of the clinical findings, it is the patient whose 
lesion is classified in this group. 

It will be observed that irradiation is not advised unless there is 
surgical intervention. If apparently block dissection of the glands is no^ 
indicated, then, to be consistent, irradiation is not indicated. On t ie 
other hand, if a metastatic lesion is found, or if the primary es^ 
falls in group 3, I believe that one should employ both radical 
treatment and adequate irradiation. When one is dealing wit i 
glands, irradiation is at best only an adjunct to surgical intervent^ 

As a corollary to this statement, I do not feel that unilatera 
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dissection of the glands of the neck is ever indicated for carcinoma 
of the lip. Instances of crossed metastases are too common to make 
such a procedure adequate. 

If the case falls in classification a, irradiation alone of the primary 
lesion may be an alternative procedure, with satisfactory results, but 
this would deprive one of a study of the lesion, which I feel is of 
considerably more than academic importance. 

Connnctil . — In consideration of the patient’s e.xpense for hospitali- 
zation. as well as of the problem in charity and in state hospitals where 
beds are always at a high premium, the question of whether or not a 
patient should be kept for postoperative irradiation is a constant source 
of anguish to the surgeon. He often entertains a strong doubt as to 
either the necessity for or the benefit which may be derived from a 
course of irradiation in many cases, and yet he wishes to give the patient 
every benefit that can be had. I feel that this study offers a plan which 
will dispense with many irregularities. Since block dissection of the 
glands and irradiation are indicated in a relatively small percentage 
of cases of carcinoma of the lip, the time of hospitalization for all the 
patients will be mininrum, and yet all the treatment that is indicated 
will be given. The large group will be spared an unnecessary block 
dissection of the neck and the small group in which it is indicated 
will be given the maximum benefit of radical surgical treatment and 
irradiation. 

COXCLUSIOXS 

1. About 80 per cent of epidermoid carcinomas involving not more 
than one half of the lower lip will not be associated with regional 
metastases. The indiscriminate use of radical surgical intervention 
and irradiation is neither necessary nor to the best interest of these 
patients. 

2. A small percentage of carcinomas of the lip are nonkeratinizing 
and metastasize early. In these cases there are not more than 50 per 
cent of cures. It is the impression that these lesions arise from the 
buccal mucous membrane and bear the characteristics of buccal carci- 
nomas elsewhere, while the relatively benign, keratinizing cancer of the 
hp bears the characteristics of epidermoid carcinomas of the skin in 
general. 

3. One is not licensed to say that epidermoid carcinoma metasta- 
sizes early or late without giving consideration to the degree of malig- 
nancy in each case. 

4. Since for the great majorit}' of patients having carcinoma of the 
loner lip radical dissection of the glands will be found not to be indi- 
cated, these patients should be spared radical operation. On the other 
hand, when metastasis is proved or when the primary lesion is histo- 
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logically liii,'lily nialii,'nant. crinijjlctc bilateral dissection of the regional 
glands followed hy irradiatif)n should he done. 

5. Histologic study of the primary carcinoma is valuable in deter- 
mining the likelihofid of early metastasis. 

6. .‘\ rational plan for the management of carcinoma of the lip is 
suggested. 



AMPUTATION THROUCil LOWER THIRD OF LEG 
FOR DIABETIC AND ARTERIOSCLE- 
ROTIC GANGRENE 


BEVERLY CHEW SMITH, M.D. 
Assistant \'isiting Surgeon, Prcsljytcrian Hospital 
NEW VORK 


Frederic S. Dennis,' professor of surgery in Bellevue Hospital 
Medical School, in 1887. during a clinical lecture on the general prin- 
ciples involved in amputation, quoted the late Sir William Fergussen 
as saying, “Amputation is one of the meanest and yet one of the greatest 
operations in surgery" — “mean” when resorted to if better may be 
done and “great" if the only step to give comfort and prolong life. 

Probably the earliest amputations done on man precede all available 
records. However, it is recorded that Hippocrates, 400 years before the 
Christian era, practiced amputation of gangrenous legs by cutting 
through the upper portion of the area of gangrene with a chisel and 
mallet or shears, not entering the sound tissue above the area. 

This practice continued until the reign of .Augustus Caesar at about 
the beginning of the Christian era, at which time Celsus w’as the first to 
practice circular no flap amputation with a scalpel through sound tis- 
sues above the area of gangrene. This technic of Celsus was followed 
for approximately 1,700 years, until the time of Lowdham of England, 
wlio is the first recorded to advocate flap amputations. Alanson,- surgeon 
to the Liverpool Infirmary, published in book form, in 1782, obser\'a- 
tions of his own and his confreres on the flap method. It was not, 
however, until the first half of the nineteenth century that flap ampu- 
tations were universally recognized and practiced. Credit for the 
advance and improvement of this technic is due to such men as 
Langenbeck, Lister, Teale, Syme, Lisfranc and Chopart. In 1886, 
Dennis ^ published his observations on the treatment of amputation 
by the open method at Bellevue Hospital. He records fourteen con- 
secutive amputations without deaths, performed by Dr. James R. M'ood, 
m which the stumps w^ere left entirely open, as a remarkable surgical 
achievement at that time. 


Read before the 
1932. 


Surgical Section, New York Academy of Medicine, Jan. 8, 


1. Dennis, F. S.; Clinical Lecture on the General Principles Involved in 
Amputation, J. A. AI. A. 18:505 (Alay 7) 1887. 

-. -4!anson, E. : Practical Observations on Amputations and the .After-Treat- 
ment, cd. 2, London, J. Johnson, 1782, p. 8. 
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Since tlie discovery of insulin in 1921, and the subsecjuent study 
of dial)eles and coincident t^anj^rene, amputations in septic diabetes have 
frecinently reverted to the type of operation done by Celsns at the 
lieijinnintj of tlie Christian era, snbsef|uently known as the guillotine. 
J he so-called guillotine amputation, however, received its name from 
the technic of Ix'onard Botalli,^ surgeon to Charles IX, King of France 
in the sixteenth century, who first devised and used the guillotine for 
am]mtating extremities, scaling the hlccding vessels, immediately after 
the falling knife had severed the member, with heated irons or oils. 

Recent studies of vascular diseases of extremities have brought 
new problems in amjiutations, and the development of the technic here 
reported is an outgrowth of ohservations during the past two years on 
l^atients in the surgical diabetic service of the Presbyterian Hospital. 

It is with timidit}’ that I report the following technic as original. 
The literature on amputations is so extensive that I have not been 
able to cover it complctcl}^ but that which I have reviewed has not 
produced reference to this type of amputation applied to this group 
of vascular diseases. 


Persons with arteriosclerosis and diabetes constitute a group particu- 
larly suscc]:)tible to infections and gangrene of their lower extremities. 
The mortality from amputations in this group is still high in spite of its 
reduction in various clinics since the introduction of insulin which has 
permitted more conservative as well as more radical surgical procedures. 

The type and site of amputation in cases of arteriosclerotic diabetes 
demand considerations of the social and economic status of the patient, 
besides principles of wound healing, routes of infection and the ade- 
quac)”^ of the peripheral and collateral circulation. Most persons with 
diabetes with infected extremities show evidence of advanced general 
and peripheral sclerosis. Patients with arteriosclerosis and diabetes con- 
stitute by far the largest number seen in clinics with infection and 
gangrene of their lower extremities. The next largest group is com- 
posed of those with arteriosclerosis without diabetes and the smallest 
group of those with diabetes with infection without sclerosis. 

The surgical work of Dr. D. F. Jones and Dr. L. McKittrick in 
conjunction with the medical work of Dr. E. Joslin at the Deaconess 
Hospital in Boston has recentty stimulated the study of surgeiy m 
diabetic patients. They have emphasized to the great benefit of septic 
patients with diabetes and gangrene the efhcac}^ of a guillotine ampu- 
tation through the lower third of the leg. The immediate effect o 
this procedure on the condition of sepsis is salutary, if no other septic 
foci have developed because it separates the patient from the origin o 


3. W atson, B. A. ; Amputations and Their Complications, Philadelphn>> 
Blakiston’s Son & Co., 1885, p. 16. 



SMITH— AM PUTATIOX /.V DIABETIC GANGRENE 


269 


his infection. They have followed a guillotine amputation, which is a 
life-saving measure in many cases, by some type of plastic operation on 
the stumji or hy higher amputation. 

Experience with septic diabetes with gangrene and the success of 
the guillotine amputation in preventing the continuation or spread of 
sepsis have established the procedure in the diabetic surgical armamen- 
tarium as effective and often dramatic. 

Following a guillotine amputation. stumi)s frccjuently present the 
following problem: 

1. Slow healing rccjuiring hospitalization for from two to four 
months, if the patients remain until the wound heals. 

To hurr}’ wound healing, Thiersch grafts have been applied to the 
end of the stump immediately after the amputation. The grafts are 
maintained in place by soft sea sponges held against them with flamed 
sterile adhesive strips. These grafts have been obsen-ed to “take” on the 
soft parts, causing earlier complete epithelization. The grafts have 
been seen in a few cases to “take” over the marrow of the tibia, but in 
my cases they have not “taken” over the exposed rim of the tibial cortex. 

2. Osteomyelitis with sequestration of a portion of the tibia or 
fibula, usually the tibia. 

Retraction of the soft part in spite of adhesive straps attached to 
the skin with 2 or 3 pound traction cause the tibial end almost as a 
rule to present at, or distal to, the soft parts. The sequestration of this 
bone usually requires forty-five da\'S or longer, and healing of the 
wound is not complete until after sequestration has occurred. This period 
of healing has been shortened by ronguering off the tibia during the 
second or third week after the guillotin amputation. This requires no 
anesthesia. 

3. Attachment of the skin to the tibial stump causing pain, and, when 
an artificial leg is fitted, often ulceration requiring reamputation. 

Observations of stumps produced by guillotine amputation, when 
fitted to artificial legs, the weight being borne by a laced cuff about the 
thigh and a socket fitting under the tibial condyle and fibular head, 
have shown that as the stump sinks into the socket, in spite of there 
being no pressure or weight-bearing on the end, there is a stretching 
with consequent blanching of the thin epidermal covering of the stump, 
vhich in part decreases its blood supply and permits slight trauma to 
cause ulceration in the scar. 

Reamputation after the guillotine procedure prolongs hospitali- 
zation and adds physical and mental strain to already debilitated 
patients with diabetes. Reamputation higher through the leg involves 
a decided risk of infection in the stump, sepsis and still further, 
an amputation through the thigh. 
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Subscciuenl Gritti-Slokc-s amputations deprive the patient of his 
hnee joint. man wlio does manual IaI)or may be provided with the 
most useful type ot stump, but this has not seemed to have l)een true 
of the more sedentary iiousewife. 

An aminUation tlirou.uh the thigh, in spite of its success in other 
clinics, has seemed to the surgical group at the Presbyterian Hospital 
often more radical than necessary. 

Patients with diabetes and .sclero.sis with compromised myocardium 
and peripheral vessel walls, decreased kidney function and innumerable 
(jther patlmlogic signs encountered with an early senility do not stand 
multiple or repeated surgical procedures well. Death has come so fre- 
quently. (piickly and unex])ectedly. and so often has remained unex- 
plainerl even by autoj)sy. that in spite of satisfactory clinical records 
of cardiorenal vascular competency, 1 feel a guarded prognosis is 
necessary in all of these cases. 

^^’ith the foregoing facts in mind, a type of amputation embod3dng 
the following principles was sought; 

1. Tlic least possible interference with collateral circulation. 

2. More rapid healing of the wound. 

3. Guillotine amputation of the soft parts at a right angle. 

4. A sufficiently well nourished soft part covering of the ends of the bones. 

5. Preservation of the knee joint. 

6. The least possible shock. 


The follotving technic of ajnputation through the lower third of 
the leg which has proved its usefulness in cases of diabetes and arteri- 
osclerosis in the surgical diabetic clinic at the Presbyterian Hospital is 
herervith presented. 

OPERATIVE TECHNIC 


No tourniquet is used except the assistant’s encircling hands. After 
preparation of the skin and draping, an incision is begun from 6 to 7 inches ( j 
to 17.8 cm.) below the tibial tubercle over the medial margin of the anterome la^ 
surface of the tibia, at least 3 cm. medial to the tibial crest, deepened through ti- 
skin to the periosteum and e.xtended distally from 4 to 5 inches (10.2 to 12.7 cm. 


to the point at which the soft parts will be guillotined (fig. 1). ^ 

With a curved periosteal elevator, the medial, posterior and lateral group o 
muscles are separated from the tibia, outside its periosteum. The cuiwed eleiator 


or a flat flexible retractor is left in place posterior to the tibia (fig. 2). , 

The tibia is severed from 6 to 7 inches below the tubercle, at the upper ° 
the skin incision, with a Gigli saw or flat chisel. With the latter, there is a 
danger of injury to the muscles and vessels. The sclerotic tibia may be di cu 
to sever with a Gigli saw alone. The severed tibia is forcefully drawn foniar 
and medially out of the wound with a hook or rake retractor (figs. 3, 4 and ^ 
To sever the fibula, the extensor group of muscles lateral to the ti 
is retracted laterally, exposing the fibula. It is easier technical v 
expose it about 2 cm. below the level at which the tibia has been severe 
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muscles which take origin from the medial surface of the fibula, namely, the 
extensor hallucis longus, the extensor digitoruni longus and the peroneus tertius. 
are separated for a short distance from the fibula at this point, and the iione is 
palpated and severed with bone forceps (fig. 5). Care must be taken lest the 
ends of the bone forceps extend beyond the fibula laterally or posteriorly and 
damage tlie peroneal vessels which He posterolateral to the shaft of the fibula. 



Fig. 1. — The skin is incised down to the periosteum on the anteromedial surface 
of the tibia from 6 inches below the anterior tibial tubercle to the site chosen for 
amputation of the soft parts. 



Fig. 2. The tibialis anterior, the extensor digitorun longus, flexor digitorum 
communis longus and tibialis posterior muscles were separated from the periosteum 
of the tibia with a curved periosteal elevator. 


Both bones in the part to be amputated are then brought forward out of the 
wound by depressing the foot (figs. 6 and 7). 

This enables the operator to see the muscular attachments which have been 
se\ered from the tibia and those to be separated from the fibula downward to the 
point at which the soft parts are to be guillotined. The muscles can easily be 
separated from the tibia with a periosteal elevator, but from the fibula the peroneus 
tertius is best separated by curved scissors (fig. 7). 
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Oiicc tlic tibia and filuila iiavc l)ccii I)rougIit forward out of the wound and 
separated from tlieir investing tmtscles, an aini)ufation knife is placed posterior to 
tile iiones from d to 5 indies below the site of tlicir severance, and the soft parts 
are guillotined at right angles (fig. S), 

It is ini|iorlant that the giiillolinc incision through the soft part be at a right 
angle as this destroys fewer collateral vessels than an oblique incision. 

I he muscles arc then seiiarated from the fibula stump which is still longer 
than the tibia, and it is reaniinitated with its periosteum from 1 to 2 cm. above the 
end of the tibia with a bone forceps (figs. 9 and 10). The tibial crest is beveled 
tlirongli its cortex down to, hut not into, the medullary cavity. This minimizes 
skin injury and hone bleeding and prevents the formation of a subcutaneous hema- 
toma at this point, .‘\ftcr the vessels arc damped they are ligated without mass 
ligatures. The posterior tibial nerve is pulled down for 2 or 3 inches (5 to 7.6 cm.) 



p'jg_ 3 . — the Gigli saw is in place posterior to the tibia at the upper ang 
of the wound for division of the tibia. The soft parts are retracted and protec e 
by medium abdominal retractors. B, the tibia is being cut across. 


and 1 cc. of 1 per cent procaine hydrochloride followed by 1 cc. of SO per ce 
alcohol is injected into it; the nerve is severed and allowed to retract. 

Closure has been done as follows (fig. 11) : 

1. Careful hemostasis is employed. 

2. In some but not in all cases, the deep fascia is sutured with plain 
catgut on a small curved needle, care being taken to approximate the edges ex 

3. Interrupted silk sutures are used in the skin. _ 

In cases in which drainage is employed skin closure does not approximaf 
drain too closely. 

The soft parts are sutured, drained or left open, depending on tie ex 
the infection in the foot and tissues through which the amputation 
When amputation is done for gangrene or infection, the end of the stump 
sidered a contaminated, potentially infected wound because the lymphatic 
have been divided. 
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I have employed drainage in all cases in which this method was used to date, 
a small soft rubber tube or rubber dam being placed down to the space just pos- 
terior to the end of the tibia. 

Drainage has been used as an added safety factor. The e.xtent and time of 
drainage have gradually been decreased with added e.vperience in these cases, and 
although the ultimate aim is for a minimum. I doubt the advisability of closing 
the stump as a routine procedure without some form of drainage. 



Fig. 4. — The tibia has been cut across and the fle.xor digitorum communis longus 
and interosseous membrane have been stripped away from it outside the periosteum 
with a curved elevator. 



. "^^16 severed lower portion of the tibia is retracted medially. The 

u a has been exposed along the interosseous membrane, care being taken to 
anterotibial vessels anteriorly, and the peroneal vessels posteriorlj- near 
1 e fi ula. The fibula is severed bj' bone forceps about 2 cm. below the tibia. It 
IS reamputated higher than the tibia later (fig. 9). Exposure of the fibula is 
tec nically the most difficult part of this amputation. 


here the limb has been severed through cellulitis and thrombophlebitis, 
t e uound has been left wide open with a small tampon type of a drain of China 
' with one or two 1 inch (1.27 cm.) strips of gauze inside the sdk. This tj-pe 
01 wound is usually converted into an open dressing from about the fourth or fifth 
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(lay oil. In the iiarlially siUiircd draiiieil wounds, llic lube or rubber dam is 
usually willidrawii tlic second day and not replaced unless deemed advisable from 
tlie clinical course. 

file operator should decide the IciikIIi of soft parts desired over the ends of 
the hones. I have found a soft part pad of from to 5 inches (8.9 to 12.7 cm.) 
inunediately after amputation to have shrunk to one of from 2 to 3 inches si.x 
months later. This has lieen satisfactory to the patient and also to the makers of 



Fig. 6. — The severed fibula and tibial ends are brought out of the wound by 
depressing the foot, and the muscle groups have been separated from the peri- 
osteum of the two bones down to the site at which the soft parts will be amputated. 



Fig. 7. — Lateral view of figure 6. 


artificial legs, because the end of the stump does not c.'itcnd too far into the soc 'c 
to require its lower end being wider than the opposite leg at a corresponding levc • 
This is of cosmetic value to the patient and has avoided tlie difficulty encoimtcret 
by manufacturers of prosthesis with the long stumps following guillotine anipuh* 
tions through the lower third of the leg. 

With this procedure the necessary subsequent plastic operation is done at the 
time of amputation. Whereas there is more trauma to the tissue than with t >(^ 
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guillotine amputation, there is, however, less than with flap amputations. To sever 
the tibia between 6 and 7 inches below its tui)crcle and leave only a small portion 
of soft parts covering the bones would necessitate amputation through the lower 
muscle bellies in the middle third rather than through the tendons in the lower 
third. Fewer tissue spaces are opened and less collateral circulation disturbed by 
amputation through tendons than through muscle bellies. This obviously promotes 
better healing and tends to obviate infection. If tendons interfere with closure of 
the wound, they are excised near their juncture with the muscle bellies. 



Fig. 8. — The amputation knife in position at right angle to the soft parts, 
severing them in the lower third of the leg from 3 to 4 inches below the site 
of the bone amputation. 



Fig. 9. End of the amputated stump. The hand was used as a tourniquet, 
amps were placed on the anterior and posterior tibial vessels and posterior tibial 
ner\e, which was pulled down and 1 cc. of 1 per cent procaine hydrochloride fol- 
owed by 1 cc. of 80 per cent alcohol injected into it. The nerve is divided and 
allowed to retract. 


rcssings. ^The amputation wound, depending, of course, on the clinical signs 
o the presence of infection, is not dressed preferably for from twelve to fourteen 
ajs. This allows tissue relationships to be undisturbed for such an interv’al that 
repair of the wound is sufficiently strong to prevent the stump components from 
separating The old dictum of not lifting the stump off the bed or dressing the 
s ump without support posteriorly has been closelv followed, as my co-workers 
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niul I have frequently (lenionstraled that tliis lias prevented the soft parts from 
opening and falling away from the Iioncs and from eacli otiicr. 

Parficulai care is taken in dressing the stump at operation. We have used 
a type of dressing tliat lias consistently proved satisfactory. It is done as follows: 

1. A striii of fine meshed gauze soaked in surgical solution of chlorinated soda 
(Dakin's solution) covers the suture line oii each side of the drain. 



Fig. 10. — The pcroncus tertius, brevis and flexor hallucis longus have been 
separated from the fibula with curved scissors and retracted. The fibula is ream- 
putated 1 inch alxive the end of the tibia. The anterior tibial crest is beveled for 
from to 1 inch. 



below the tibia. 


2. Fluffed gauze covers the end of the stump, evenly diffusing the pressii^^ 

3. A flamed mole-skin adhesive strip is placed on the posterior 

knee and crural regions partially surrounding the stump for one-ha i s 
ference. The end of this strip distally is cut and folded so that a strip for 

is made to which by a small rope a 2 to 3 pound (0.9 to 1.4 Kg-) 
traction can be applied through a pulley fixed to the end of the bed, as so 
patient is returned to bed. 
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4. A cushiony pad covered with gauze smeared with ointment of ix)ric acid 
on its inner surface is placed behind the distal third of the stump, between the 
adhesive strap and the skin. 

5. The entire large dressing is bandaged snugly and evenly with from 2 to 3 
five yard rolls. 

6. Adhesive strips from I to 2 inches wide are placed spirally over the rolls, 
reaching well up on to the thigh in order to anchor the dressing. 

This type of dressing has accomplished the following ; 

1. Its large size insures comfort and absorption of drainage without external 
soiling. 

2. Even diffusion of pressure insures good tissue approximation. 

3. Skin traction maintains the length of the soft parts and overcomes muscle 
spasm. 

4. The stump with its dressing can be moved quite painlessly by using the 
traction strap as a support. 



Fig. 12. — Lateral view of the stump. The black line represents the plane of the 
ends of the bones. The specimen shows the soft parts amputated inches below 
the bones. 

5. Motion of the stump within the dressing is not possible. When motion is 
permitted in the dressing, it has been found to be painful. 

6. The dressing is maintained in place for from twelve to fourteen dar^s com- 
fortably. 

7. Removal of drains is possible without taking the entire dressing down. 

To remove a drain shortly after amputation, before the stump is to be dressed. 
We have found it useful to tie to the drain a piece of heavy silk string, bringing the 
end out into the dressing near the surface, yet covering it with gauze, where it can 
be easily found. By means of this string the drain can be withdrawn from the 
wound and dressing or from the wound only, leaving it in the large dressing, with- 
out disturbing that part of the dressing adjacent to the wound. 

Subsequent dressings are done only as indicated. Aleticulous care is urged, 
however, in dressing these stumps wherein infection lurks in the presence of a 
diminished blood supply. 

Healing of the amputation stump is retarded by too frequent dressings. 

re repair process in these stumps is slow because of the diminished blood supply. 

ressmgs rearrange healing tissue relationships ; primary union of tissues in juxta- 
position IS interfered with when this relationship is changed by an unnecessary 
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(IressiiijT. Jiactcriri niniblc to i)rolifcratc in tiicsc apijroxiinatcd healing tissues may 
cause active infection followin" even ininiinal damage to tissues from manipulation 
while dressing. 1 he stumiis are always dressed with the foregoing facts in mind. 

1 he fitnd.'imeiUal jirinciple of this operation is the minimum inter- 
ence with the collateral blood supitly. d'he amputation of both bones 
above the site of the severance of the soft ])arts leaves the ends of the 
Iione well covered for from 3 to 4 inches, and after shrinkage, as seen 
three, six and twelve months later, there remains a painless movable 
soft stump for 2 or 3 inclics lieyond the ends of the bone. The blood 
.supply, both collateral and peripheral, is so well maintained that ulcera- 
tion such as that seen from stretching trauma about the ends of the true 
guillotine stumps has not been encountered. 

1 he follow-up has not been sufificiently long to determine whether 
the incision on the anteromedial surface of the soft parts of the stump 
will continue to be painless and free from ulceration with weight-bearing 
on the condyles of the tibia, I)ut cases followed for three and one-half 
v’ears have not shown such trouble. 

However, the follow-up in these cases to date, although relatively 
sliort (three and one-half years), has l)een uniformly good, and sufficient 
time has elapsed to have allowed a general recovery and stabilization of 
these patients from the depletion of their amputations. 


RKPORT OF ILLUSTRATIVE CASES 

Case 1. — History. — 1-. M., a Russian woman, aged 40, was admitted to the Fr« 
byterian Hospital on Jan. 7, 1929, complaining of a sore right foot of two wee's 
duration. She bad lived in New York for eighteen years (fig. 13). 

Two weeks before admission she noticed a fissure in the skin between the rig' 
first and second toes. This area swelled and became cyanotic, and she ^ 
her local doctor, who found sugar in her urine. She did not know she had la c 
On arrival at the clinic her urine showed dextrose 4 plus and a 4 j. 

chloride reaction. She had an acetone breath. She had never been on a 
taken insulin. Her past history w'as e.ssentially unimportant, except for t e 
lowing positive facts : All her life she had been a. hard working woman. 
time of examination she was supporting three children. For the past three ye 
she had worn glasses for reading. She had never previously been in a osp' 
She had never been obese nor had her weight changed. There was no ns 
of skin infection. Her catamenial history was normal. . 

On admission the temperature was 102 F. ; the pulse rate, 120; g{ 

and blood pressure, 150 systolic and 90 diastolic. There was no family is o 
diabetes. , 

The right foot revealed cellulitis, gangrene and deep cyanosis of the 
second toes. The cellulitis extended up near the junction of the lower M 
thirds of the leg. Wound culture showed hemolytic streptococcus. 
culture was negative. 

The blood sugar was 2.81 Gm. per liter; the blood urea, 0.24 Gm. T ere 
27,100 white blood cells and 92 per cent polymorphonuclears. dextro'C 

For two days the patient was given a clysis of 1,500 cc. of 5 per cent ( 
with 25 units of insulin, which cleared the diacetic acid from her urine. 
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She was septic; the temperature was 102 F., and the pulse rate varied from 
90 to 120. On the dorsal surface of the foot there was an area of dry gangrene, 
8 by 10 cm. Pus discharged copiously from a sinus at the base of the great toe, on 
the plantar medial surface. There was no lymphangitis e.xtending up the leg and 
no regional lymphadenitis. The dorsalis pedis and posterior tibial vessels were 
not felt in either foot. The right popliteal and the femoral vessels were palpable. 
The lungs and heart were functioning normally, and no pathologic sounds were 
heard. The radials were beaded. 

The patient’s collateral circulation was good, as evidenced by a warm skin down 
to her foot. Dextrose and insulin had reduced the sugar in the urine to 1 plus, 
and there were no ketogenic bodies in the urine, although the blood sugar was 
2.8 Gm. per liter. 

Olcratioii . — Because of the severe infection and gangrene it was thought safest 
simply to rid the patient of the gangrenous area by guillotine amputation through 
the lower third of the leg. Fewer tissue spaces are opened there than when the 



Fig. 13. — Condition of the right foot on admission. 


amputation is made through the muscles of the middle or the upper third. A 
Gritti-Stokes amputation could subsequently be done if necessary. An amputation 
through the lower one third of the thigh might become necessarj' because of the 
degree of arteriosclerosis. The other leg and foot were warm. An infection might 
develop in the other foot and subsequenth- necessitate amputation. A bilateral 
Gritti-Stokes operation is not as useful as a Gritti-Stokes operation on one leg 
and an amputation leaving a knee joint on the other. She might have enough 
collateral circulation in the right leg to permit an amputation through the lower 
third. It was decided to operate immediately under ethylene as soon as permission 
was obtained. 

The second day after admission, under ethylene anesthesia, a circular true guil- 
lotine amputation was done through the middle third of the right leg. The main 
\essels bled in spite of the calcification shown in the roentgenogram (fig. 17). The 
t'ound was left wide open. Amputation required eight minutes. Culture of the 
exudate from the foot at operation grew a nonhemolytic streptococcus and non- 
hemolytic Staphylococcus aureus. Anaerobic culture of the muscles at the site 
ot the amputation showed no growth. Aerobic culture of the muscles grew 
hemolytic streptococcus and hemolytic staphylococcus. 
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Ivociitgctiog'rnms of tlic legs sliowcd ciilcificatioii in the vessels. 

Pathology Report. — Gross: The specimen consisted of a foot amputated just 
al)ove tlie ankle joint. On llie dorsum of the foot, just above the base of the toes, 
was a rectangular black area measuring 5.5 cm. from side to side. At the lateral 
side of the foot it was 3.5 cm. wide ; at the medial side, 2.5 cm. The surface was 
black and liard. On section the underlying tissues, especially toward the medial 
side of the foot, were extremely ragged and necrotic and contained a grayish-brown, 
semifluid, foul material. On dissecting the foot, the dorsalis pedis artery was 
found to be small. The wall appeared tiu'ekened and the lumen narrow, and in the 
wall there was a marked de])osit of calcium which was more prominent in the 
upper i)art of the artery than in the lower. On sectioning the first metatarsal, the 
bone was found to he hard and white. 

Microscopic : Sections through the edge of the blackened area were bordered 
by a thin tissue. At one end of the section this was markedly thinner than at the 
other end, where examination revealed the presence of a layer of dense connective 
tissue immediately beneath tlie skin, rather thickly infiltrated with polymorphonu- 



Fig. 14. — Chart showing drop in temperature following guillotine amputation 
of the right leg. 


clear leukocytes and round cells and presenting many small deposits of brownis 
pigment. There were many lymphatic vessels distended with polyntorphonuc ear 
leukocytes. Below this tissue, there was more necrotic tissue thickly packed Wi ' 
polymorphonuclear leukocytes and round cells. In sections from the upper p 
of the dorsalis pedis, the intima was considerably thickened and contained many 
large deposits of calcium. In sections from the lower part of the dorsalis pe • » 
the intima was somewhat thickened, though not as much as in the upper p 
The media was thickened and contained several large deposits of calcium. In sec 
tions from the first metatarsal, the bone cells were for the most part well presen 
In the marrow cavity, there were many scattered accumulations of polymorp i 
clear leukocytes (G. H. Hunt). 

The electrocardiogram made January 26 showed the following: sinus rliydw'’ 
ventricular rate, 118; P-R interval, 0.14; the P wave, upright in all lea s, 
notched ; Si and S:, notched ; Ti and Tz, upright, and Ta, inverted. The rate 
abnormally elevated. Notching of the Q-E-S complex in all three leads sugges 
slight myocardial involvement (K. B. Turner). 

Course . — The first dressing was done eleven days after amputation. Up fn tl 
time the patient had been exceedingly well. Her temperature dropped dramatica 
from 102.8 F. to normal the day following amputation and remained norma! su 
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quently (fig. 14). Her blood sugar stayed high for a week in spite of large doses 
of insulin. During the second week, on a diet of 100 Gm. of carbohydrate, 60 of 
protein and 50 of fat and 40 units of insulin she became sugar-free. The amputation 
wound showed more granulations in the lower than in the upper half. The ends 
of the tibia and the fibula were slowly covered bj- granulations. The wound was 
rather dry. From the fifteenth day wet dressings were applied in preparation for 
Thiersch grafts. The skin had retracted from to Yz inch (0.63 to 1.27 cm.), and 
the tissues were flush with the end of the tibia. 

Sixteen days after amputation, following extraction of two teeth, the patient 
had an attack of circulatory collapse, bringing her blood pressure down to 40. 
There was difficulty in differentiating this from hypoglycemia, and unfortunately 
the blood sugar was not taken at this time ; yet de.xtrose administered intravenously 
brought her out of collapse. 

On Februarj’ 8, thirty days after amputation, Thiersch grafts were applied to 
the stump. Six days after grafting, the stump was dressed and all but two of 
the grafts had sloughed off. By the second week after grafting, they had prac- 



Fig. 15. — End of the guillotined right stump one year after Thiersch grafts had 
been applied twice. This subsequently had to be revised because of repeated ulcera- 
tions on the end of the stump. Revision was done by excising a portion of the 
tibia and fibula with the same technic as was used in a primary amputation. 

tically all sloughed off. Fifty-seven days after amputation, Thiersch grafts were 
applied the second time. These took well. 

On the forty-seventh das" after amputation, the tibial cortex which protruded 
from the wound was rongeured off. The patient was discharged from the hospital 
on the seventieth day after amputation. The blood sugar was 1.68 mg. Thirty 
units of insulin and a diet of ISO Gm. of carbohydrate, 60 of protein and 50 of 
fat were given. Her urine was sugar-free. When the patient was discharged she 
was getting 30 units of insulin, the dosage having been decreased from a maximum 

daily dose of 60 units on admission. The stump was completelv epithelized 
(fig. 15). - t' 

Infection about the teeth cleared up following multiple extractions. 

FoUoiv-Up . — Five months after amputation the skin was adherent to the end 
of the tibia ; there was no pain. The patient had been wearing an artificial leg for 
one week. The stump was ready for the leg three and a half months after 
amputation, but it could not be obtained because of financial reasons. The diabetes 
\\as under control on a diet of ISO Gm. of carbohydrate, 60 of protein and 100 of 
at and IS, 5 and IS units of insulin. 
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One year after aiiiiiiitalioii ilie riRlil artificial leg was entirely comfortable. The 
left rlorsalis perils and posterior tilnal arteries were not palpable. The patient was 
referretf for propliylactic treatment of the remaining foot. 

Ii.ightcen months after amputation, superficial ulceration on the lateral side of 
the second Icfl toe 1 liy 1 cm. was noted. An ulcer, 0.25 liy 0.5 cm., had appeared 
on the right stump in the grafted area. The stuni]) measured 25 cm. from the tibial 
tubercle to its end. 

I his case illustrates a fretpient observation on stumps jiroduccd by guillotine 
operation through the lower one third of the leg; the stump was too long for the 
liest type of prosthesis, and the skin over the tibial end was apt to be traumatized. 
1 he jiatient was wearing her artificial leg in spite of ulceration. 

From July to Septemher, 1030, the ulcer on her left second toe failed to respond 
to treatment at home aiul by the district mir.se, and the patient was readmitted to the 



Fig. 16 . — Condition of the left foot before amputation. 


hospital. The ulcer had existed on the lateral plantar surface of the second le t o 
for four and one-half months. Tlie patient’s temperature was 98.6 F. ; the 
pressure, 95 systolic and 80 diastolic. The essential findings were ulceration 
the second toe and an ulcer in the amputation stump. Two weeks after 
a small abscess appeared under the nail of the left great toe in spite of a 
hospital care. Active hyperemia produced five minutes every two hours wi 
blood pressure cuff filled to 15 mm. below diastolic pressure on the tbig i a 
to help the local condition. ^ 

Second Operation . — On October 4, amputation of the left second toe a^^^ 
revision of the amputation stump of the right leg were done. A roentgen 
failed to show osteomyelitis. Under infiltration anesthesia with 0.5 percent 
hydrochloride the ulcer at the end of the right stump was excised and 3 ciii- o 
tibia and 4 cm. of the fibula was removed with bone forceps. The woiiuf 
partially sutured and treated with surgical solution of chlorinated soda, on 
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second left toe laterally an ulcer 1 by 0.5 cm. had existed for five months which 
had not shown evidence of healing under a week of hospital treatment. This toe was 
amputated under infiltration ancstlie.sia with procaine hydrochloride with a racket 
incision ; the cartilage of the metatarsal joint was removed with a rongeur, and the 
wound was treated with surgical solution of chlorinated soda. The site 
of this amputation remained dry and black ; ultraconservatism was tried because 
the patient had had one leg amputated and we were anxious to save the other foot, 
but it was in vain, and on October 20, sixteen days after amputation of the left 
second toe, a modified guillotine amputation was done on the left leg at the junc- 
tion of the lower and middle thirds. 

One hundred milligrams of procaine hydrochloride was introduced between the 
fourth and fifth lumbar vertebrae without difficulty. The anesthesia was complete 



Fig. 17. — Roentgenogram showing calcification of the vessels on the right stump. 
A similar condition existed on the left. 

and satisfactory. An amputation through the lower part of the leg as described 
was done. Careful hemostasis was done with fine plain catgut 
'\it out taking mass ligatures. The posterior tibial artery was a solid 
ca cified cord and bled very little. It was hardly necessary to ligate it. The 
anterior tibial artery was likewise calcified, but a little more patent than the 
posterior. The peroneal artery bled. There was little bleeding from the almost 
e urnated bones. The deep fascia was approximated over the tibial crest ante- 
rior j throughout the -wound to within the distal 2 inches. A rubber dam drain 
was placed down just posteriorly to the site of the amputated tibia. A long silk 
s ring was tied to its distal end so it could be removed from the wound -without 
opening the dressing. The skin was closed with dermal sutures. The following 
note was made by Dr. B. C. Smith : 

... ^ typo of procedure is a modification of guillotine amputation in 

" uc 1 the bones are amputated through the upper third of the leg and the soft 
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parts^ tliroii,,.li (|,c jimrlion of tlie lower and middle. Wlicthcr or not this was 
a dillicult ca.se for tlie procedure l)ecaiise of the calcified posterior and anterior 
tnial \cs.sels i.s hard to say. i he patient has very little healing power. This 
method leaves a good long flaii covering the hones distal to their ends. An 
.ittempt w.is made in doing the amputation to open as few tissues as possible; i. e., 
skin, snhciitaneons tissue and muscles were sectioned in the same plane. The 
muscles were not dissected at all e-Kcepl where they were removed from the bone, 
thereby not interfering with whatever collateral circulation there has e.xisted." 


PalJtolpfiy Rcf<ort. — Gross: 'J'he specimen consisted of the lower left leg cut 
32 cm. above the plantar surface of the heel and a piece of white tissue 4 cm. long 
and 0.5 cm. in width, said to be a piece of the tibial nerve. The amputation showed 
10 cm. of bare tibia and fibula above the site of incision. The second toe had been 
removed, leaving a deep ulcerated cleft between the third and great toe. The ulcer 
was 1 cm. deep, surrounded by soft necrotic, blackish material with a distinct line 
limiting this from the more normal tissue pro.ximally. The third toe was bluish, 
and the ulcerated area e.vtended over to expose the tendon of this toe. The two 
other toes apjieared relatively normal, and there were no other areas of changes in 
the skin grossly. A complete dissection of the anterior and posterior arteries was 
done following down the dorsalis pedis, including the ramifications of the digital 
arteries where the}’ became lost in the ulcerated area. The vessels were alike in 
consistency, being very brittle, entirely without elasticity, considerably thickened 
and containing a great deal of hard, gritty, calcium deposits. 

Microscopic : A section through the margin of the ulcer showed a fairly definite 
line of demarcation between the relatively' normal epithelium proximally and tic 
sequestrated structureless epidermis distally'. Beneath the skin the line was not so 
sharply defined. The subcutaneous tissue was infiltrated sparsely with poy* 
morphonuclcar leukocytes for some distance proximally' and distally became more 
dense until there was a zone of indistinguishable necrotic material. There was a so 
considerable perivascular infiltration about the small thickened vessels. 


Sections of the arteries showed a marked degree of arteriosclerosis, with tic 


greatest changes in the larger vessels. In the upper portion of the posterior 


tibial 


artery the lumen was entirely' filled with an organized thrombus with little e or 
at recanalization. It contained a moderate amount of productive, slightly m a 
matory granulation tissue in the subintimal layer, and beyond this and 
into the media there was an entire lay'cr of calcification, which in some 
undergone ossification. The musculature of the media was almost entirely rep a 


The 


by connective tissue, and there was also considerable fibrosis of the adventitia, 
lumen in the lower part was very much narrowed but was not thrombosed so 
collateral vessels must have been present. All the other vessels shovyed ca ci ica 
tion and considerable fibrosis. The lumen of the dorsalis pedis contained a rec 
thrombus which had no evidence of beginning organization (Dr. C. J. Kraiss )■ 


Amputation was necessitated by' evidences of maintained infection at 


the site of 
black ant* 


amputation of the second left toe, which six days after operation was 
dry. Amputation was done by the modified guillotine technic sixteen day-s a 
amputation of the toe. 

The temperature dropped to normal by the sixth day after amputation of 
left leg and continued there. The blood sugar rose to 2 Gm. per liter v 
the patient on from 40 to 45 units of insulin and a diet of ISO Gm. of 
80 of protein and 100 of fat. Her blood sugar had decreased to 1.17 Gni. por 
thirty-three days after amputation. 
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The first dressing was done on the tenth day and the sutures were removed on 
the thirteenth day. On the seventeenth day a slight separation of the edges of the 
skin occurred. On the twenty-fourth day the edges of the skin had separated 
more, and there was a granulating area 1 cm. wide in the lower two thirds of the 
wound. The right stump had completely epithclized. 



Fig. 18. — Amputation stumps two and one-half years after guillotine amputation 
of the right stump and ten months after amputation of the left stump by foregoing 
technic. Note the difference in the length of the parts covering the two stumps. 



Fig. 19. — End view of the left 


amputation stump (author’s technic). 


n discharge, she was on 8 units of insulin; she had required 45 during her 
s ay in the hospital. A diet of 100 Gm. of carbohydrate, 60 of protein and SO of fat 
was given. The blood sugar was 1.17 mg. The urine was normal. 

FoUom-U t>. Eleven months after amputation of the right leg and two months 
3 er amputation of the left, both stumps were healed and painless. The patient 

was \\a -ing with an artificial right leg and a crutch, and was to secure the arti- 
ncial left leg. 
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ARcinriis or surgery 


I'oiirtcfii inoiulis nflcr ;iniptit:ition of tlic rigiit leg and five months after ampu- 
tation of tlic left, file right hone stiniip was 21 cm. long from the tibial tuberde 
to the end of the .soft parts (true guillotine amputation). The left bone stump was 
9 cm. from the tihial tul)crcle and was covered by a 4 inch pad of soft parts. She 
was wearing two artificial legs and was able to do about 30 per cent of her 
housework. 'J'he resrdts for the right leg were 75 per cent normal anatomically, 
100 ])er cent symptomatically and economically' ; the results for the left leg were 
100 i)er cent in all three respects. 

On July 28, 1931, eighteen months after true guillotine amputation of the right 
leg and eight months after modified guillotine amputation of the left leg, the 
patient stated that she liked the artificial left leg better, but I believe this is due 
to the stump (figs. 18 and 19). There are no ulcers or any pain. She walks with 
a cane a distance of one-half block. Her result was 100 per cent anatomically, 



Fig. 20. — Condition of the left foot on admission. 


symptomatically and economically for both legs. The blood sugar was 
The diet was 100 Gm. of carbohydrate, 60 of protein and 50 of fat. ^ ^ 

normal. _ , rirolifer^nS' 

Ophthalmologic examination revealed diabetic retinitis, retini is 

arteriosclerosis (marked) and detachment of the retina of the left eye. 

On Jan. 8, 1932, two years after guillotine amputation of the ng t 
the lower third and fourteen months after revision of the right, true 
stump, the patient walked with two artificial legs, doing her housewor , an 
as far as three blocks a day outdoors without stopping. The left stump 
most comfortable one. The right has remained healed after the revision. 

Case 2.~H{sfory.—R. L., a Jewish woman, aged 68, was admitted ‘o 
terian Hospital on July 22, 1930, complaining of pain in her secon 
periods of discoloration with diminished sensation of the left toe or 

(fig. 20). 
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Three }-ears before admission, while walking, Iier left foot suddenly became 
numb and painful. Up to this time she had noticed nothing wrong with her foot. 
She did not consult her doctor. Two months later a chiropodist pared a corn on 
her left third toe; it became so painful that she went to a doctor who incised it 
and found pus. This toe did not heal. Shortly thereafter the left, second and great 
toes began to change color. She treated them herself with mercurochrome-220 
soluble. In spite of physical therapy which she received at a hospital, the great toe 
became more discolored. No active treatment was given for one year, at the end 
of which time the fourth toe dropped off. The remaining toes were gradually 
blackened. During this period she \\'alked on her feet alx)ut her housework, but 
she was unable to walk for four months before admission. The family history did 
not reveal diabetes. Her best weight twelve years before admission was 172 
pounds (78 Kg.). Her weight on admission was 95 pounds (43.1 Kg.). 



Fig. 21. — Condition of the right foot before amputation. 

Examinaiion . — Physical examination revealed a rather thin woman of 68, who 
was not suffering from much pain. The important positive findings were ; She 
had large tonsils not in an acute condition. The lungs were normal. The heart was 
regular, no enlargement made out, tmd there were no murmurs. The wall of the 
a domen was flaccid and a scar from an operation in the lower left median area 
ad healed firmly. The blood pressure was 186 s 3 'stolic and 85 diastolic. Her 
ocal condition was one of gangrene of the left first, second and third toes. The 
our toe had been spontaneously amputated, and there were cellulitus and edema 
o t e dorsum of the foot. There was pink discoloration of the sldn of the distal 
two thirds of the whole of the foot. The dorsalis pedis and posterior tibial arteries 
^cre not palpable in either foot. Both popliteal and femoral arteries were palpable, 
ut the pulsations were less than normal. The patient did not know she had 
la etes. On admission the blood sugar was 1.78 Gm., the carbon dioxide- 
corn ining power of the plasma was 58 per cent by volume, and the urine showed 
- P us dextrose. The foot emitted a foul odor. 




.iKcinriis or surgiir) 


0{’cratinii . — J he (l:iy following her admission, under spinal anesthesia (1 cc. of 
a i)roprielary procaine preparation in tlie fourth lumbar space), a circular flap 
aminitation was done by Dr. K. Aforjrc through the lower third of the left leg 4 
inches above the m.alleoli, holh Dines being amputated 3 inches higher than the 
soft ])arts. Injection was not made into the nerves. The tissue cultures of the 
vessels at n[)eration which did not bleed were negative. Two catheters were placed 
in each angle of the wound down to the site of the amputated bones for drainage and 
surgical solution of chlorinated soda was used. 

Pathology Rct’orl. — Gross: There was dry gangrene on the great foe; black 
dry gangrene on the second toe and gangrene on the plantar surface of the third toe. 
'I he skin on the distal two thirds of the dorsal and plantar surfaces of the foot was 
macerated. The fourth toe had been amputated. The fifth toe was not discolored. 

ificroscopic : On section of the anterior tibial artery the lumen was found to 
be markedl.v narrowed by a [irocess of fibrosis in the infima and media. The veins 



Fig. 22. — Chart of temperature changes of the right leg with an o 
200 milliamperes of diathermy for fifteen minutes. The changes -jn by 

are indicated by the solid circle ; in the fifth toe, by the open circle , in t ^ ’ g. 

the cross and in the dorsum of the foot, by the crossed circle. The room e 
ture was 71 F. ; the mouth temperature, 98.8 F. At 9 : 48, the toes were ^'a 
tingled. 


also showed intimal thickening. The posterior tibial artery was entire y o^ 
and consisted of simply a fibrous cord, in the wall of which was a piece 
The dorsalis pedis shared in the same process but contained a small umen 
had a piece of bone in the media. The veins here were also thickene . 

Section through the tissues around the base of the great toe showe 
necrotic, especially on the plantar surface, where there was a io 

with polymorphonuclear leukocytes. Aggregations of leukocytes were 
the dorsum but were less marked and located chiefly around the vesse 
bone. Several of the vessels contained thrombi which were undergoing 


tion. The others contained masses of leukocytes. 

Course . — The diet before operation was 100 Gm. of carbohydrate, 60 o 
and So of fat with 10 units of insulin. The day following operation 
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insulin and 125 Gm. of carboln-drate were given, and the blood sugar dropped to 
1.09 Gm. per liter. 

Spinal anesthesia has not been found to affect the blood sugar in diabetes. 

During the remainder of her hospital stay, the patient required only 6 units of 
insulin daily for two weeks. Her diet was raised to 150 Gm. of carboln-drate, 60 of 
protein and 100 of fat, and she required no insulin. Her blood sugar was 1 Gm. per 
liter on discharge. She had essentially arteriosclerotic dry gangrene with mild 
diabetes. 

Following amputation, her temperature rose to 101.6 F., reaching normal in 
three days, and stayed so during her stay of sixty-seven days in the hospital. 

A roentgenogram of the foot before operation showed calcification of the 
dorsalis pedis and arterial branches of the toes. There was no evidence of osteo- 
porosis or osteomyelitis. 

Follotu-Up . — Three months after amputation of the left leg the tibia was 16 cm. 
from the tubercle to the end of the stump. The circumference of the stump was 
21 cm. at the tibial end. A goodly amount of tbe soft parts covered the bone and 

Table 1. — Results of Whirlpool Bath * 


Left Leg 
Bath 

Belore for 13 5 Min. 10 15 20 SO 1 Hr. 2 Hr. 

Bath Min. Attcr Min. Jlin. Min. Min. 


Great toe 25.0 34.7 33.1 32.4 32.0 32.0 31.7 30.7 20.9 

Fifth too 26.0 34.3 .33.4 33.0 32.4 32.0 31.6 30.6 20.S 

Heel 2S.0 34.3 34.4 34.2 34.0 33,8 33.8 33,5 30.9 

Dorsum 30.4 35.4 34.3 34.0 33.8 33.8 33.6 32.7 30.4 

Lower one third leg 28.4 35..5 34.9 34.3 33.4 33.0 33.6 31.9 30.4 

Lower one third thigh 29.S 30.9 30.1 31.0 31.0 31.4 31.3 32.1 30.9 

Mouth temperature 9S.4 98.4 


* The temperature with the exception of mouth temperature is given in eentigrade. 

extended 3 inches beyond it. The patient was ready for an artificial leg. A 
prosthesis made by the Institute for Crippled and Disabled was being worn four 
months after amputation. 

In nine months slightly reddened areas appeared at the site of weight-bearing 
m the cuff. This was satisfactorily adjusted. The patient complained of pain in 
her right foot at this time which showed no change since the previous examination. 

In February, 1931, she showed areas of necrosis on the medial side of the 
distal end of the right great toe and the distal end of the right second toe. The 
foot was warm, and there was no obvious cellulitis about the areas of necrosis. 
The pain in the foot was exquisite. 

On March 10, 1931, there was an area of gangrene on the right great toe and 
cellulitis of the second toe. The surface temperatures of the right foot were prac- 
tically normal, which in the presence of areas of gangrene indicated a fairly active 
superficial collateral circulation (fig. 21). 

The surface temperatures after diathermy were compared with surface tempera- 
tures taken after a whirpool bath, the lower two thirds of the leg being immersed 
in water at 104 F. for thirty minutes. The results are shown in figure 22. 

he amount of rise in the surface temperature after from fifteen to thirty 
minutes in a whirlpool bath at 110 F. is shown in table 1. The bath was started at 

• 5 a. m. with a water temperature of 106 F. 

0/>c)a/iojj.— On March 27, 1931, under gas oxygen anethesia, amputation through 

le ower third of the right leg was done by my method for arteriosclerotic 





Fig. 2.3.— Roentgenogram of the right amputated lower third 
injection of IS per cent bismuth oxide chloride under 20 pounds P 
ing a small amount of collateral circulation and no visible mam p P 





W Jk • 


'i fi/’i p 






Fig. 24.— Superficial skin slough on the right stump 
amputation. 


twenty-eigW days 
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gangrene of the right great, second and third toes. The posterior tibial vessel did 
not bleed, but the posterior interosseous and anterior tibial arteries spurted. 
Bleeding vessels and points in the cut muscles were ligated, care being taken that 
mass ligatures were not used. The skin was approximated with interrupted dermal 
sutures, between which in the middle of the suture line a silk drain was placed 
down to the tibia. 

During this second admission the blood sugar varied between 1 and 1.6 Gm. 
per liter. The patient was discharged on the thirty-first day after amputation with 
the wound healed. She required no insulin on a diet of 100 Gm. of carlx)hydrate, 
60 of protein and 50 of fat. A roentgenogram before operation showed calcification 
of the vessels of the leg and toes, dorsum and plantar surface of foot. 

Folloiv-Up . — Ten months after amputation of the left leg, the artificial leg still 
irritated the stump at the site of weight-bearing on the cuff. This was apparently 
due to the inabilitj’ to have it adjusted because of hospitalization with the second 
amputation. 



Fig. 25. — Right stump eleven months and left stump nine months after amputa- 
tion. The right stump shows a small area of necrosis from which a piece of 
tendon was removed. This area healed in a week. 


On June 30, three months after amputation of the right leg, there appeared a 
small piece of sloughing tendon at the lower angle of the soft part stump. This 
sloughed away and epithelized following a week of treatment in the hospital. 

On Jul}'- 8, 1931, four months after amputation, the patient wore an artificial 
leg on the left stump but was not able to purchase the right artificial leg. Her 
general condition was excellent, and she has a remarkable attitude toward her 
problem (fig. 25). 

On Jan. 8, 1932, ten months after amputation of the right leg and eighteen 
months after amputation of the left, both stumps were firmly healed and painless, 
e patient walked about the house with two artificial legs with the aid of a cane, 
ere was a long soft part stump covering the end of the right stump which was 
amputated by the modified guillotine technic, and this was more comfortable than 

le e t leg where there was a similar pad of the small part covering the ends of 
the bone. 

^ after the amputation of the right leg she comfortably wore both 
arU cia legs. The right stump was the more comfortable. She walked one or 
tuo locks without the aid of a cane. 




292 


ARC! urns or surchrv 


Casi: 3. History, — I). a JcwisI) woiiiati of ()9, coin|)lMiiiin/f of gangrene of !lic 
I'ighl and k’f{ great toe of three months' rliiration, was admitted to tlic Preshyleriaii 
Hospital on Jan. 26, 1931. 'I'he family history did not reveal any diabetes. She 
wa.s known to have had diabetes for sis j'ears. Gh'costiria was di.scovcred folloH’- 
ing a complaint of priiritis viilvae to her local doctor. At this time, in 1925, the 
glycosuria cleared on a diet. The urine liatl been tested repeatedly during the last 
si.x years and found to he normal. )''or the past three 3 Tars she had l)ad cold toes 
and cramps in her right calf on walking from two to three blocks; these were 
relieved ()y resting for from three to five niinntes. 

Four monllis previously she noticed a blue spot on her right great toe. Soon 
afterward a similar area ajipeared on her left great toe. The blue spot on the 
right gradually involved the whole toe and similar splotches appeared on the other 



Fig. 26 . — The right foot on admission showing gangrene, for wl'ioh the 
was amputated by my technic through the lower third. 


toes. Soon afterward, black areas appeared in the skin on the dorsum of the 
foot. She had put off medical care because of fear of amputation. ^ ^ 

E.vamination. — On adnii.ssion she wa.s in great pain. Physical c.xan 
revealed the following relevant findings (fig. 26) : The ])aticnt was 
oped and well nourished woman of 69, weighing 133 pounds (60.3 Kg.)- ■ 

5 feet (152.4 cm.) tall. The blood pressure was 160 s^’stolic and 74 diasto ic^ 
was moderate arcus senilis. On percussion the left border of the ^,„iir 

12 cm. from the midlinc in the fifth space to the left. The apical pic 

was transmitted into the a.Nilla. A rough .systolic murmur wa.s hcai( 
aortic site. The lungs were normal. The abdomen wa.s obese. popli- 

at the costal margin. The radial and brachial arteries were hardcncc . 
teal arteries were palpable in both legs. The dorsalis pedis and 
arteries were not palpable in cither extremity. Pelvic and rectal exanniM 

negative results. ^ onhciiK'l.'I'f 

Before operation culture from the gangrenous great toe grew a n 
streptococcus, Staphylococcus albus and B, coli-commumor. 
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On January 29, the lateral side of the fourth right toe presented a foul slough- 
ing area 2 by 2 cm., communicating with a sinus in the fourth web, going into the 
lumbrical canal. The line of demarcation of the great toe was slightly moist. 
There was a cellulitic blush over the skin of the plantar distal third of the foot. 
No lymphangitis was present. There was less cellulitis about the areas on the 
dorsum of the foot. The blood sugar was 1.13 Gm. per liter. The urine was 
normal. The patient now required a sedative for the pain. The phenolphthalein 
test was 35 per cent. The temperature was 101 F. There were 4,400,000 red blood 
cells, 90 per cent hemoglobin, 8,000 white blood cells and 72 per cent polymorpho- 
nuclears. Amputation was advised as the infection was threatening and any opera- 
tion locally would probably only accelerate and not cure it. 

The surface temperatures on January 29 arc shown in table 2. 

The temperatures in table 2 are normal and represent a generous superficial 
collateral circulation. This is often noted in this type of gangrene, in spite of 
which sufficient blood supply docs not exist for viability of the extremity. 


T.\ble 2. — Surface Teinperaliircs Read xcith n Tycos Dcruwthcrm* 




Hight 

Left 

Great toe 


Dry gangrene 

30.2 

Second toe 


Ulcerated 

30.2 

Third toe 


31.4 

S0.7 

Fourth toe 


31.4 

30.9 

Filth too 


31.4 

30.4 

Dorsum of foot 


. . Black necrotic area, 32.4 

31.4 

Ball 


31.4 

.31.7 

Concavity 


31.4 

.31.7 

Heel 


31.4 

31.7 

Lower one third of leg 


31.8 

31 .8 

Middle one third of leg 


32.4 

32.S 

Upper one third of leg 


3.3.2 

32.2 

Lower one third of thigh 


33.0 

33.9 

Middle one third of thigh 


33.0 

33.9 

Mouth temperature 


PS.OF. 


Boom temperature 


74.0 F. 



* The temperature, c.vcept room anti mouth temperature?, is given in centigrade. 


The effect of diathermy on the surface temperatures of her remaining left foot 
was studied as follows; 

The toes were covered with saline-soaked gauze and an electrode bandaged 
placed over this. The other electrode was placed as a cuff just below the knee 
and 200 milliamperes of current was run through the electrodes for fifteen minutes. 
Three minutes after diathermy was begun, the patient stated she had a sensation 
of slight warmth in her leg. 

On January 27, a roentgenogram of the legs and feet showed diffuse calcifica- 
tion of all the vessel walls, more marked in the smaller vessels, suggesting gen- 
eralized arteriosclerosis. The joints of the feet showed evidence of osteo-arthritis. 
There were numerous semicalcified, rounded shadows lying in the superficial tissues 
just anterior to the tibiae suggesting calcified phleboliths. 

Operation. — On January 30, a modified guillotine amputation through the lower 
third of the right leg was done, gas and oxygen anesthetic being used. The dura- 
tion of the operation was twenty-seven minutes. There was a little bleeding from the 
anterior tibial artery which was partially calcified and a little from the posterior 
tibiah There was a spurter in the posterior tibial nerve. The nerve was pulled down 
or _ inches and procaine hydrochloride with 1 cc. of 95 per cent alcohol injected 
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Fig. 27. — Chart of temperature changes in the left leg before and following 
diatherinj' of 200 niilliampercs for fifteen minutes. One electrode was placed over 
the toes and the other below the leg. The room temperature was 74 F.; fhe 
mouth temperature, 98.0 F. The changes in the various parts are indicated as 
follows : the dorsum of the foot, the circle ; the lower one third of the leg, a pins 
sign ; the heel, a crossed circle ; the great toe, a solid circle, and the fifth toe, a 
times sign. 
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into it. The vessel in the nerve had to he ligated. The anterior and posterior 
tibial artery and vein were ligated separately. There were no mass ligatures used. 
The tendons of the peroneal muscles were cut away. The skin was sutured with 
interrupted dermal sutures, and a small tampon drain with silk on the outside, one 
strip of iodoform and one strip of plain gauze were placed in the space anterior 
to tile soleus muscle at the end of the tibia, because of oozing from the bone and 
the fact that the lymphatics through this region were probably infected. Dressing 
was put on with posterior adhesive strap to the skin for traction e.vtending up 
to the knee. (Dr. B. C. Smith.) 

Course . — Following amputation, the blood sugar rose to 1.73 Gm. per liter 
and a plus-minus glycosuria existed for a week. This was controlled by 3 units 
of insulin for six weeks. On discharge, seventy-nine days after amputation, the 
patient was sugar-free. The blood sugar was normal, and insulin was not being 
given. 

The amputation wound was first dressed on the third day and a slight discolora- 
tion of the skin of the suture line was noted. A portion of the ^tikulicz drain was 
removed. Culture of the amputation stump at this time grew hemolytic Staphylo- 
coccus aureus and hemolytic B. subtilis. The patient developed a small sacral 
decubitus, which healed with nursing care. Acute conjunctivitis developed twenty- 
four days after operation. By the twenty-fourth day the skin of the end of the 
stump had sloughed away for from 1 to 2 cm. on each side of the suture line. A 
granulating surface there prolonged complete healing of the wound. Collateral cir- 
culation of the skin at the amputation site was not sufficient to keep it viable 
following the injury associated with trauma of amputation. 

The patient had rather severe cerebral sclerosis and remained rather disoriented 
and depressed for about three weeks after operation. The amputation stump 
epithelized slowly at the site of the skin slough in the suture line, but it completely 
healed by the seventy-ninth day. She remained in the hospital seventy-nine days 
because of her debility and mental lack of attempt to help herself to get well. 

Follow-Up . — ^The patient began wearing an artificial leg eight months after 
amputation. This delay was due to infection in her other foot keeping her in a 
chair. The stump was ready for the prosthesis three months after amputation. 
The stump has been painless. No ulcerations have occurred, and she has now 
walked with her artificial leg for four months. 

Note. — June 20, 1933; For three and one half years following amputation of 
the right leg, the stump has remained symptomless. The patient has worn her 
artificial leg for three years. She is now in Presbyterian Hospital with gangrene 
of the remaining foot, and amputation by the same technic will be performed as 
soon as she grants permission. 

130 East Fifty-SiiUh Street. 
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It is generally believed among ph3'sicians toda}' that the effect of 
morphine on the intestine in tiie doses commonly used is to stop peri- 
stalsis and put the bowel at rest. This belief ma^’ be due to the results 
obtained in earlier experiments on isolated intestinal segments, on anes- 
thetized animals or with improper doses of morphine. In the light of 
recent work it appears quite evident that the effect of morphine on the 
intestine is one of stimulation and not one of paralysis. 

Those who have found paralysis of the small intestine after the 
administration of morphine are Legros and Onimus,' Nothnagel," 
Leubuscher,'’ Katsch,' Meissner,® Zunz and Gj'org}^® Ohno ' and Garry.® 
Those who have found that morphine stimulates the small intestine are 
Nasse," Pal,^° Popper,'^ Trendelenburg,’- Behan,’® Macht,” Uhhnaiin 


From tlie Department of Surgery, University of Kansas School of Medicine. 
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and Abelind’ Baurd” Tscherkess,’" Gordonoff,'* Plant and Jliller,’® 
Gurber and Robinson,-" Dreyer,-‘ Dvorak and his associates and 
Wilen and Dragstedt.-" 

A few of the aforementioned authors merit special consideration, 
since thev have secured results with the intestine under as nearly normal 
conditions as possible. Pal,'" in 1900, appears to have been the first to 
record the contractions of the intestine in situ by means of a balloon 
in the intestine. He observed the effect of morphine on curarized dogs 
in doses of from 0.02 to 0.1 Gm. for a dog weighing from 6 to 8 Kg. 
The tone and the peristaltic movements of the small intestine were 
increased. Plant and Miller prepared dogs with Thiry- Vella loops 
and made kymographic records of the small bowel. The}’- found an 
increase in tone, an increase in the amplitude of segmentation move- 
ments and an increase in the amplitude and frequency of peristaltic 
waves. With doses of 0.5 mg. per kilogram, the effect disappeared in 
from five to eight hours, while with large doses of 5 mg. per kilogram, 
the duration of effect was twelve hours or more. In a man with a 
scrotal hernia, the number of contractions of the small intestine was 
increased by morphine. Gruber and Robinson,-" also working on dogs 
with Thiry-Vella loops, noted essentially the same results as Plant and 
Miller with the use of morphine. Large doses decreased the general 
tonus and in some cases increased the force of rhythmical contractions. 
Dreyer,-'^ by using the balloon method in cats, found that morphine in 
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doses of 4 mg. jier Ivilogram increased tlie tone and excursion of the 
lecoiding kvinograjdi lever. Dvorak and his associates -- studied the 
eflect of inorpliinc on tiie human intestine h}"^ inserting a balloon into 
p<iticnls who had an ileostomy. After giving 10 mg. of morphine 
inti avenously, an increase in tone and peristaltic waves was recorded. 
Similar results were obtained with ileostomies and colostomies on dogs 
with a dosage of 20 mg. of morphine given intravenously. The increase 
in activity could he easily determined h}' auscultation. Dogs in which 
obstructions were joroduced showed essentially the same results after 
the administration of morphine as those with normal bowels. With SO 
mg. of mor])hine the intestinal noises were not so loud as with smaller 
doses. Wilcn and IDragstcdt produced experimental peritonitis in 
dogs and recorded the results with a balloon placed in the bowel or in 
Thif}'- Vella loojrs. Observations were also made on patients with peri- 
tonitis by auscultation of the abdomen. Both experimental and clinical 
observations showed that morphine increased the intestinal activity. 

That morjrhinc causes a spasm of the sphincters is agreed by all who 
have studied the subject. A great many experiments have been made 
on animals and a considerable number on human beings, and the 
emptying time has been prolonged several hours in the average case. 
Hirsch,-'* Baas,-'' Krylow,-® Magnus,-' Van den Velden,-® Padtberg,'° 
Arnsperger,®® Schwenkenbecher and his co-workers,“ Schwenter, ■ 
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Mahlo,^^ Stierlin and Schapiro,®' Katsch.^^ Macht,-'’” Gordonof? and 
Thomas have found an increased emptying time of the stomach after 
the administration of morphine. Of the foregoing investigators, 
Magnus, Arnsperger and Stierlin and Schapiro have found an increase 
in the emptying time of the ileum. 

The foregoing reports indicate that a general review and revision 
of our ideas concerning the effect of morphine on the gastro-intestinal 
tract are advisable. Experiments were planned jiartially to review the 
work of Plant and Miller, to determine the effect of morphine on the 
obstructed small intestine under the most favorable conditions and to 
study the action of morphine on the ])yloric and ileocecal sphincters. 

EXPERIMENTS 

Effect of Morphine on the Small Intestine. — For the purpose of 
studying intestinal activity after the administration of morphine sul- 
phate, five dogs were prepared with Thiry-\Tlla loops of the upper 
jejunum and five dogs with Ivy-Mann enterostomies as previously 
described.®*’ When healing had occurred, tracings of the intestine 
before and after the administration of morphine sulphate were obtained 
by the use of the Brodie bellows with an air pressure medium at a 
constant measured pressure. All morphine was given subcutaneously. 
Obstructions were then made in the upper jejunum 15 cm. below the 
ligament of Treitz, and the effect of a daily dose of morphine on 
the normal intestine of the dogs with Thiry-Vella loops and on the 
obstructed intestine of the dogs on which Ivy-Mann enterostomies had 
been performed was studied. 

Morphine in small and moderate doses increased the tonus, the 
amplitude of segmentation movements and the amplitude and frequency 
of peristaltic waves in the jejunum and ileum of the dogs (fig. 1). The 
jejunum showed the more marked response. j\Iorphine in doses of 
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Fig. 1. — Kymographic tracing of jejunum from Thiry-Vella loop, showing effect of 
doses of morphine when given hypodermically. The intestine showed some activity eigliteeii 


after the last injection. 
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Fig. 2. — Kymographic tracing of jejunum from Thiry-Vella loop after the giving 
of morphine hypodermically. The larger doses caused a decrease in peristalsis, hut n 
the rhj'thmic contractions. 
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from 3 to 5 mg. per kilogram stopped peristalsis and some^Yhat 
decreased the tone without affecting segmentation movements (fig. 2). 
Very large doses increased the amplitude of the segmentation move- 
ments. but peristalsis did not return. The duration of the effect of 
morphine was about si.x hours for the small doses (0.5 mg. per kilo- 
gram) and twelve hours for the larger doses (5 mg. per kilogram). 
The administration of morphine to dogs with Thiry- Vella loops or with 



Fig. 3. — Obstruction of jejunum. Tracing made from Thiry-Vella loop inde- 
pendent of obstruction. Records made after the administration of morphine hypo- 
dermically one and seven days after obstruction. 





Fig. 4. Obstruction of jejunum. Tracing of jejunum made just above the 
o s ruction through an Ivy-Mann enterostomy. Records made one and six days 
after obstruction. 

Itj'-Mann enterostomies in which the upper jejunum had been 
obstructed produced the same effect on the intestinal movements as that 
sioun in normal animals (figs. 3 and 4). There did not seem to be 
an} decrease or increase in the response as death approached. 

^ -'ts controls and for comparison, tracings of* the jejunum were made 
alter the administration of codeine sulphate, strt'chnine sulphate and 






302 


ARCH IV ns OP SURGERY 



Fig. 5. — Kymographic tracings of jejunum from Thirj'-Vella loop. Codeine Ti'^ 

hypodermically in gradually increasing doses. Note the decrease in peristalsis after i.iC 

rhythmic contractions continue as long as the effect of codeine lasts. Eighteen hours a 


large dose of codeine the intestine was again stimulated by a small dose. 
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Fig. 6. — ^Tracing of jejunum from Thiry- Vella loop, showing effect of ether anesthesia after 
- e intestine has been stimulated with morphine. The effect of the morphine persists longer than the 
'.ffect of ether. 



Fig. 7. Kymographic tracing of jejunum from Thirj’- Vella loop, showing the 
epressing effect of atropine after the intestine is stimulated with morphine. 
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atropine sulphate liy hypodermic injection and of ether by inhalation 
(figs. 5, 6, 7 and 8). 

In a patient on whom ileostomy had been performed, morphine in 
doses of from % to % grain (0.01 to 0.03 Gm.) increased the size 
and frccpiency of the intestinal movements. Auscultation showed great 
activity of the intestine, and the increased efifect after morphine could 
also be observed directly on the protruding intestine at the site of 
the enterostomy. Certainly auscultation and the appearance of the 
intestine were just as striking as in the dog. Auscultation of four 
normal abdomens, of one case of intestinal obstruction, of four cases 
of severe generalixed peritonitis and of two cases of uncomplicated 
paralytic ileus showed a marked increase in intestinal noises after the 



Fig. 8. — Kymographic tracing of jejunum from Thiry-Vella loop, showing 
absence of effect of strychnine sulphate given by hypodermic injection. There wa 
no appreciable response after a dose sufficient to produce convulsions. 

usual administration of 34 grain (0.016 Gm.) of morphine. Furthe 
studies of intestinal peristalsis in patients were made by obsei rations 
of three with large hernias. Increased peristalsis was striking m 
of these patients following the hypodermic injection of 34 gmm 
morphine. 

Effect of Morphine on the Sphincters. — A dog that was fiee ft^^^ 
intestinal parasites was given a barium meal of 100 cc., and the 
emptying time of the stomach was determined. The following 
days the dog was given a subcutaneous injection of inorpliinc, .o i ^ 
per kilogram of body w'eight, and fifteen minutes after each 
barium meal was given. The normal emptying time of the stoi 
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was found to be two hours. After the administration of morphine, a 
marked retention was present after two hours. Emptying occurred in 
four hours. 

Twenty cubic centimeters of thick barium was introduced into a 
dog on which ileostomy had been perfonned. and the normal emptying 
time of the ileum was detennined. The following day an injection of 

0.5 mg. of morphine sulphate was given before the injection of barium. 
Normal emptying of the ileum was found to be complete in two hours. 
After the administration of morphine, all of the barium remained in 
the ileum at the end of two hours. 

A patient who had a normal emptying time of the stomach was also 
given j4 grain of morphine followed by a barium meal. There was 
marked retention six hours after the administration of morphine. 

SUMMARY 

1. The effect of morphine sulphate on the movements of the 
jejunum in dogs was studied by means of kymographic tracings taken 
with a balloon in Thir 3 '-^'ella loops, through Ivy-Mann enterostomies 
of the upper jejunum, and of the ileum through an ileostomy. Tlie 
effect of morphine on the normal and obstructed small intestine was 
also studied. 

2. The eff'ect of morphine on the movements of the small intestine 
in human beings was studied by means of tracings taken with a balloon 
through an ileostomy opening, by observations of large hernias and by 
auscultation of both the normal and the pathologic abdomen. 

3. The effect of morphine on the sphincters of the intestine in dogs 
and in man was studied by means of the x-rays. 

4. Morphine sulphate in ordinarj’’ doses gives an increase in tone, 
an increase in the amplitude of segmentation movements and an increase 
in the frequency and amplitude of peristaltic waves. Large doses stop 
peristalsis and decrease the tone, but segmentation movements are 
little affected and ma\' be somewhat increased. The duration of the 
effect of an average dose of morphine on the intestine is about six 
hours. This is true for both animals and man. 

0. Morphine stimulates the obstructed intestine as well as the unob- 
structed intestine in animals as recorded b}"^ the kymograph, and in man 
and animals as determined by auscultation. There appears to be no 
increase or decrease in response to morphine as death approaches. 

6. A single dose of morphine caused retention of the barium meal in 
the animal and in the human stomach. The emptj'ing time was at least 
tiMce the normal. A marked delay in the emptidng of the ileum in 
the dog was noted. Morphine evidentl}- produces a spastic action on 
the sphincters which delays the progress of barium through the gastro- 
intestinal tract. 



CANCERPHOBIA 

SPECIAL RELATION TO INSIGNIFICANT AND FANCIED LESIONS 

OF TFIE TONGUE 

J. W. SPIES, M.D. 

PEIPING, CHINA 

The purpose of this communication is to call attention to the 
increasing frequency of cancerphobia, especially as seen in patients with 
minor complaints referable to the tongue. 

Cancer proiiaganda has greatly increased the number of people who 
present themselves to the pln'sician regarding a benign or early new 
growth. However desirable this state of affairs may be, it has added 
considerabl}'^ to the difficulties and responsibilities of the medical pro- 
fession. More than ever, clinicians must be alert to make a correct 
diagnosis in patients who ma}'^ present little in the way of signs and 
symptoms. A small neoplasm often intrudes so slightly on the organism 
that its detection may call for the greatest diagnostic acumen. MacFee ' 
has recently pointed out that a number of examiners fail to discover 
lingual carcinomas before they have progressed to an advanced stage. 
On the other hand, the patient may not have an organic disease, but to 
arrive at such a decision may be exceedingly difficult. Thus, one may 
be puzzled as to the absence or presence of an organic disorder, and. 
when the latter has been established, its malignancy or benignancy may 
furnish a perplexing problem. 

After the malady has been correctly evaluated, proper treatment 
assumes paramount importance. Sometimes it is no easy matter to con- 
vince the patient that his ailment is unrelated to cancer. When a benign 
tumor is disclosed, the mere fact that objective treatment is instituted 
may^ serve to reassure the patient; but, if no physical abnormality is 
revealed and nothing is done, the fears of the patient may be increased 
to such an extent that they may be dispelled only by a high degree of 
sympathy, understanding, and patience on the part of the physician, hi 
some instances simple reassurance from the medical attendant ivi 
permanently and wholly allay'^ the person’s anxiety. In many other 
cases a careful, detailed explanation must be given to the patient in order 
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to convince him that he is not afflicted with cancer. In a busy clinic 
it often happens that insufficient time is devoted to this task, and the 
patient departs with such mental anguish that he forsakes his work and 
enters on a vicious circle of medical shopping. Thus industrial and 
economic problems may lie introduced as well as a reduplication of effort 
on the part of various physicians and medical organizations. Therefore, 
it devolves on those who first examine these sufferers to do all that is 
possible for their peace of mind and to inaugurate whatever is indi- 
cated in the way of treatment, even though the latter may be simple 
and designed for psychic effect. Experience teaches that the response 
on the part of the patient amply justifies any special attention that may 
be given to his problem. Indeed, there are few. if any. fields in medi- 
cine where the physician may better practice the art of his profession. 

Apparently, neither Ewing - nor Roussy ^ has emphasized the recent 
increase of cancerphobia. Rose * and lilarshall “ have briefly noted the 
occurrence of cancerphobia in relation to hypersensitiveness and hyper- 
trophy of the lingual foliate papillae. Fitzwilliams ® has mentioned 
the same condition. In some of the patients on whom the present study 
is based the complaints were analogous to those described by the three 
aforementioned authors, but in others the setting was entirely different. 

Zagni ■ and a few others have called attention to glossal papillomas, 
but their patients consulted the physician because of the increase in the 
size of the lesion and not on account of any morbid fears connected 
with the ailment. In such an instance, the objective findings were of 
main interest, whereas in the present group the subjective features were 
of paramount importance. 

In our cases, even the immediate exciting cause for the hyper- 
sensitiveness was sometimes obscure. Occasionally, an ill-fitting dental 
plate or a rough tooth irritated the area. Not infrequently, the foliate 
papillae were slightly or moderatel}’ enlarged (fig. 1 ) . In some instances 
no abnormalitj- could be detected. 

2. Ewing, J. ; Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders Com- 
pany, 1928. 

3. Roussy, G. : Le Cancer, in Roger, C. H., et al. : Nouveau traite de medecin, 
ed. 2, Paris, Masson & Cie, 1929, vol. 2, part 5, 
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6. Fitzwilliams, D. C. L. : The Tongue and Its Diseases, London, H. Milford, 
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I he women oulnum1)erecl the men and ■were usually of a very nervous 
temperament. 

STATISTICAI. STUDIES 

Since no adequate data were available concerning' patients who had 
been turned aw'ay with the diagnosis of “no significant lesion” and 
whose complaint was merely slight pain or sensitiveness, it seemed 
worth while to scrutinize the records of patients when the clinical diag- 
nosis of a common, benign lesion of the tongue had been confirmed by 
microscopic studies. It seemed that if such a pathologic process repre- 
sented the w'orst ty'pe of benign lesion, so far as the later development 
of cancer might be concerned, disorders of lesser note should entail 
fewer chances of subsequent malignant changes taking place. 

In this connection, Fitzwilliains ® stated that papilloma is the “com- 
monest simple tumor of the tongue,” and when it appears in middle life 
he regards it with distinct suspicion, Ewing " stated that in papillomas 
of the tongue “there is a strong tendency^ toward malignant change, 
and that “a large proportion of lingual carcinomas exhibits a brief pre- 
liminaiy papillomatous stage.” Thus it would seem that a review of 
distinctly suggestive papillomas of the tongue might yield some infor- 
mation concerning the likelihood of a carcinoma becoming engrafted 
on a benign lingual lesion. 

By studying the laboratory records in the department of pathology, 
the following facts were disclosed. From 1918 to 1923, inclusive, 
biopsies were performed on nine glossal papillomas, and from 1924 to 
1928, inclusive, thirty-one similar diagnoses were recorded. The total 
number of fort}'^ cases for the eleven-year period was surprisingly small, 
but the distinct upward increase for the past few years was well indi 
cated. In onty twenty-three of the aforementioned records were there 
sufficient data to warrant their being used, and in eight of these cases t le 
condition was sooner or later histologically diagnosed as carcinoma. 

This left a group of fifteen cases in which (during the period o 
observation) the lesion remained imquestionably benign. Six of these 
patients were women. The average age for both sexes was 50 years, 
the patients w'ere thus within the period when Fitzwilhams '' uori 
regard all papillomas of the tongue with suspicion. Most of the com 
plaints were pain or “irritation” of the affected region. Only on 
patient had a positir^e Wassermann reaction. Bad teeth and 
fitting dentures were usually^ found. 

From the foregoing small amount of evidence one may' surmise 
even when the papillomas were so atypical that cancer could not 
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ruled out of the clinical diagnosis, carcinoma never developed in 66 per 
cent of the patients within the observation period. From such facts 
one may deduce that lesions of much less significance than papillomas, 
as exemplified by sensitive areas or a simple hypertrophy of the mucous 
membrane, will be far less likely to give rise to cancer, therefore the 
patient should be completely reassured with the hope that all of his 
fears may be adequately dispelled. 

Naturally, the aforementioned opinion does not hold for the 35 per 
cent of the patieirts who did have a jnaligirant process. They are in an 
entirely different category, and should have proper, intensive, objective 
treatment with much less relative emphasis being placed on ps}'cho- 
therapy or symptomatic measures. 



Fig. 1. — Posteriorh', along the left border of the tongue, were some enlarged 
foliate papillae. A similar condition existed on the right side. The remaining upper 
teeth may be seen. This photograph was taken during the patient’s first visit to 
the hospital. 

CLINICAL STUDIES 

Perhaps the signs and symptoms presented by many patients who 
have cancerphobia due to a fancied or benign lesion of the tongue may 
be demonstrated best by two case histories, each fairly ri'pical of cer- 
tain members of the group. 

REPORT OF CASES 

Case 1. History. — M. K., a white woman, aged 50, married, complained of 
a'ing a lingual “cancer.” Four months before coming to the hospital she had 
noticed a laceration on the left side of the tongue and had attributed it to the 
impingement of a tooth. During this time she had pain in the lumbar region and 
consulted a physician, who recommended the extraction of certain teeth. She com- 
P e , but obtained no relief from the rachiodrmia. Following this a sensation of 
ou^hness developed in the foliate papillae, and a “sore” spot appeared on the 
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end of licr foiigtie. One week- before presenting herself at the clinic, her physician 
advised her coming to the iiosiiital, saying that she “might have a bad disease.” 
Her husband then forbade her to prepare his food, and added to her fears by 
telling her that she had a cancer and would have her tongue taken out. When an 
acquaintance supported her husband’s dire predictions, she hastened to the hospital. 
The past liistor,v and family history' seemed irrelevant. 

Physical Examiuahon . — The patient was well developed, slightly obese and 
extremely apprehensive. She appeared to be in good physical condition, and pre- 
sented no defects aside from those to be set forth. The tongue was of normal size, 
shape, color and consistency. Its tip was hypersensitive. The foliate papillae on 
each side were moderately’ hy'pertrophicd and slightly' tender (fig. I). The buccal 
mucous membrane appeared normal. She had a few lower and upper teeth, all of 
which were carious and loose. Gingivitis was marked. 

Treatment . — The patient was advised to eat nothing but bland foods, to have 
several of the remaining teeth extracted, and to return within two weeks, or sooner 



Fig. 2. — This picture depicts the same patient as in figure 1, and was ta 'e^ 
eighteen months later. By comparison it will be seen that four of the upper ee 
have been removed, and that the foliate papillae have become slightly flattenec. 


if she wished. She was told positively that she did not have cancer and need i 
have the slightest worry' about that. She departed in a happy frame of min . 

Course . — The patient was followed up at fortnightly intervals. 
reappeared several times, but it became increasingly easier to dispel, an 
she became thoroughly' convinced that she was not suffering from cancer, 
she was last seen (one and one-half years later), she had only slightly less eua 
ment and tenderness of the foliate papillae (fig. 2) and fewer teeth than " 
first came under observation ; her complaint was one of financial difficu ties u 
reference to any phy'sical ailment. 


This case illustrates the type of lesion that is perhaps inost o ‘ 


associated w'ith cancerphobia of the tongue. Hypersensititd} 


aiifl 


enlargement of the foliate papillae are not dangerous in 
but their annoyance to the patient and the usual inattention gnen 
psychic side of the case by the physician lends to them an 
importance. In some instances it may he necessary for the mci 
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well as the physical, relief of the patient to remove or destroy the 
offending area. 

Case 2. — History. — M. a white woman, aged 68, married, complained of 

xerostomia and tenderness of the tongue which had been present for the past seven 
months. She was afraid that she had a lingual “cancer.” Her malady had been 
progressive. Various mouth washes prescribed by physicians had seemed to increase 
the abnormal sensitivity, and recently the throat had become involved. Of late, 
the glossal tenderness had increased so that she could scarcely eat, and her sleep 
was disturbed by sharp, sticking sensations throughout the tongue, the tip of which 
rested against an upper dental plate. She was convinced that she had cancer and 
that little, if anything, could be done to alleviate her condition. Her habits, 
including those of drinking and eating, had been normal. During the past eight 
years she had unaccountably lost 15 pounds (6.8 Kg.) in weight. Thirt\'-four 
years previously she had “neuritis” in both upper members, which disappeared after 
"injections in the arms.” She had had an upper dental plate for the past twenty 
years and a lower denture for five years. At 65 years of age, her father died of 
"dropsy and rheumatism,” and her mother succumbed to tuberculosis in her twenty- 
fifth year. The marital history was irrelevant. 

Physical E.ramimtion. — The patient was well developed and moderately well 
nourished. Her extreme anxiety was apparent. She had 6 lower teeth, 2 of which 
had gold crowns. The left lower canine was eroded at the gum margin. The 
dental plates appeared to fit satisfactorily. The openings of the submaxillary sal- 
ivarj' gland ducts were elevated and dilated. The entire buccal and pharjmgeal 
mucous membrane was moderately hypersensitive and slightly redder than normal. 
The tongue was of normal size, shape and consistency ; its tip was erythematous, 
except for a tender yellow area, 2 mm. in diameter and 1 mm. in height. There 
was moderate hypertrophy of the circumvallate and fungiform papillae, and the 
Ij’mphoid tissue at the base of the tongue seemed more abundant than normal. 

Laboratory Observatious. — The Wassermann reaction of the blood was negative. 
The gastric contents during fasting contained no free hydrochloric acid but had a 
total acid of 8 per cent ; thirty minutes after eating two slices of white bread the 
free hydrochloric acid was zero, and the total acid was 10 per cent. Urinalysis 
gave negative results, except for many white blood cells and a hyaline cast in the 
centrifugated sediment. Chemical analysis of the blood showed; blood sugar, 133 
mg., and blood urea, 7.4 mg. per hundred cubic centimeters of blood. Smears from 
the tongue, mouth and pharynx were stained with carbol fuchsin and revealed many 
variously arranged cocci in large epithelial cells, a few bacilli and a moderate 
number of white blood cells. Examination of the blood disclosed; hemoglobin, 80 
per cent ; red blood cells, 3,720,000, and white blood cells, 4,000 ; a differential count 
showed 50 per cent polymorphonuclear neutrophilic leukocytes, 18 per cent large 
jmphocjtes and 32 per cent small lymphocytes. The shape and size of the red 
ood cells were normal. No explanation was discovered for the slight anemia. 

Ticatuicut and Course. — The patient was told that she certainly did not have 
ancer, and her immediate relief was gratifying. No medications were allowed, 
le \\ as directed to eat bland foods and was given a list from which to select them, 
le was instructed to keep an accurate dietarv record and to bring it to the hospital 
at each weekly visit. 
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I' or a few inoiitlis tlie patient improved rapidly, and most of the symptoms dis- 
appeared. She was last heard from two and a half years after her first visit to 
tile clinic. She still had complaints concerning her tongue, mouth and throat, and 
considered tliat she was in jioor health, hut she did not have any fear conceniing 
cancer. 

1 his case exemplifies a condition in which the objective findings 
arc slight, hut the subjective features are pronounced. Despite the 
failure to relieve the patient of her S)'mptoms more than temporarily, 
she had no recurrences of the cancerphobia, which was the primary 
cause of her presenting herself at the clinic. The case is reported from 
that standpoint, and not from that of giving the patient relief from the 



Fig. 3. — The tongue was removed in toto at autopsy and fixed in a 10 per c 
solution of formaldehyde. The photograph illustrates where the sections were 
for histologic study. 


underlying disease.® One should essay the latter, and careful 
should be made into the cause of the xerostomia and stomato 
order to remove or lessen the fundaindntal pathologic condition. 
emotional side must be closely studied, for it is often the key t® 
situation. However, j^hysical defects should be carefully scare ic ^ 
as they may constitute the exciting, if not the underlying, derange' 
and their elimination may effect a cure or betterment. 


8. An c.xtended absence followed by the acceptance of a post m 
nullified the author’s intention to attempt this accomplishment. 


another city 
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HISTOLOGIC STUDIES 

It is common knowledge that, in addition to its special functions 
of speech and taste, the tongue is one of the most sensitive parts of the 
bod}’. In patients suffering from cancerphobia in relation to the tongue, 
hyperesthesia is a prominent feature, and in some cases this is associ- 
ated with annoying disturbances in taste. Biopsy usually shows sur- 
prisingly little to account for the symptoms. On the other hand, one 
may see gross lesions of various degrees and types which give little or 
no concern to the patient because no unpleasant sensations are connected 
with them. 



4. — Bej-ond the hornified epithelium covering the tongue there was a 
considerable collection of inspissated mucus, masses of bacteria and partially disin- 
tegrated cellular material (X 55). There were no lingual symptoms. 


In a study of autopst’ material, sections were taken from four 
regions of one hundred tongues (fig. 3). Not infrequently microscopic 
lesions could be demonstrated which were far greater than those in 
patients afflicted with cancerphobia resulting from paresthesias, tiny 
ulcers, slight hypertrophy of the mucous membrane or mild gustatory 
derangements. In none of the patients on whom necropsy was per- 
tonned had there been any complaints referable to the tongue, and they 
had died from diseases which had no connection with the mouth, throat 
or nose. It was hoped that such a study might give some clue to the 



'I 






Fig. 5.— This photomicrograph reveals marked necrosis and of Jh 

lingual mucosa and adjacent, underlying tissue (X 72). The patient la 
toms referable to the tongue. 






^ ^ _ n ry 72), 

Fig. 6.— In the lower central portion of the photomicrograp | flic 

.nay be seen a distinct loss of the epithelium without any associated 

patient had no complaints concerning his tongue. 
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amount of damage which the tongue may sustain without the person 
being aware of it. 

The amount of microscopic debris that collected on the surface of a 
normal-appearing tongue was astonishingly great. When sordes was 
clinically present, this accumulation became enormous. In both instances 
there was a mixture of cast-off epithelium, food, bacteria and mucus 
(%• ■+)■ 



— This photomicrograph (X 30) depicts a glossal papilla in the process 
of extrusion. Sufficient hypertrophy of such a structure could lead to the formation 
of a true papilloma. The tongue from which this section was taken was normal. 


Erosions of the mucous membrane were not uncommon, and occa- 
sionally the associated infection was considerable (fig. 5), while in some 
It was entirely absent (fig. 6). In other areas the epithelium was 
hyperkeratotic but well preserved. Many papillae were hypertrophied, 
and vart’ing degrees of extrusion were seen ffig. 7). 
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Numerous nerves were observed in the submucosal tissue, but no 
lesions were revealed with the use of hematoxylin and eosin stain. 
1 he mucous glands, with their ducts, were normal and abundant. The 
muscle and connective tissue revealed no pathologic process. In the 
])ostcrior portion of the tongue the l 3 unphoid tissue was bulky and 
covered by thin squamous epithelium. 


COMMENT 


Determination of the cause and treatment of cancerphobia are not 
usually simple matters. The malad}'^ is sometimes the result of an 
easily’' recognized organic lesion which can be eradicated. In other 
instances the underlying phy'sical factor may be so obscure as to tax 
the powers of the most ingenious diagnostician and to place him in a 
very’ diflicult situation, for he must properly’ evaluate the condition 
before intelligent treatment may’ be instituted. Therefore, the greatest 
problem is encountered in patients who have an insignificant or a fancied 
lesion. An underly'ing cause must be ferreted out and therapy directed 
toward that cause. One cannot overemphasize the need for taking the 
complaints of the patient seriously, and effectively aiding him, lest he 
become a victim of morbid fear and a burden to those about him. 

It is a fact that the malignancy’ or benignancy of practically 
demonstrable lesions of the tongue can be correctly’ diagnosed by a 
capable, experienced physician, especially if he resorts to laboratory aids 
and clinical consultations. Hence, when one is sure that the lesion is 
not cancer, it is wise to assert such a conviction in order that the patient 


may receive the benefit of a Avholehearted assurance. 

The tongue is supposedly’ a common site for papillomas. In fact, the 
normal papillae are miniature forms of such a structure, and therefore 
their enlargement readily’ results in a true papillary’ tumor. And ye . 
fi'om the statistical data at our dis230sal, it has been indicated that true 
lingual papillomas are rarely’ encountered in the pathologic material o 
the hospital. From this it may’ be assumed that most people Avho ba'C 
had ordinary’ papillomas of the tongue haA’e not found their way n 
a hospital for patients Avith cancer but have been cared for Iiy o* 
medical agencies. It is difficult to ascertain in how many of ‘ 
malignant process dcA’eloped. However (in this series), of the pa 'c 
Avho haA’e had papillomas of the tongue so distinctly’ suggestiAC 
carcinoma could not be ruled out of the clinical diagnosis, 65 ^ 

did not have cancer Avithin the period of obserA’ation. The other 
cent probably’ included a goodly number of patients Avith papillary car^^ 
nomas, but the original biopsy’ AA’as too superficial to give the true ]a 
It Avould seem, then, that the ordinary benign glossal papilloma 
Ije easih’ and safelv remoA’cd, and that the clinical findings supp 
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by a histologic diagnosis would justify the physician in making positive 
statements in order to allay any associated cancerphohia. Again, it 
might he emphasized that one should know his ground, hut. knowing it. 
should not he afraid to tread on it. 


Cancerphohia attendant on a simple hypertrophy of the foliate papil- 
lae which does not reach the stage of a true papilloma may ordinarily 
be effectively dealt with by some method other than extirpation or 
destruction in situ, but the latter procedures ma\' he performed with 
good results, therein’ removing an objective feature. 

Hypersensitivity and pain ma}’ he associated with xerostomia and no 
cause found for either. Usually such a condition is hard to cope with 
and will call for patient, long-continued, intelligent treatment. If no 
pln-sical basis can be found, a close study of psychic factors may reveal 
the ke}’ to the situation. 

In the light of newer knowledge concerning the participation of the 
sj’inpathetic nervous system in the phenomena of pain, it should be 
exceedingly interesting to induce a temporary block with procaine hydro- 
chloride and to witness the effect, if any, that would be produced on 
the patient’s symptoms. If success were obtained, it would then be 
feasible to inject alcohol into the sympathetic ganglions or to extirpate 
them. Moreover, one might try blocking the sensor)- nerves to the 
area if the interruption of purely sympathetic pathwa 3 ’s gave no relief. 

The fact that people have gross and microscopic lesions of the 
tongue without disturbances in sensation is further evidence that nervous 
or ps3’chic disorders rather than organic ones constitute the essential 
derangement in cancerphohia. 

The tongue is subject to continuous trauma and infection. The 
amount of cellular and other debris is enormous, and at times even whole 


papillae are cast off. The nerve supply' is unusually abundant. The 
prominence of the organ and consequent easy' manner of viewing it. 
the use of it as an index of general health, its special functions con- 
nected with speech and taste, and its high degree of sensitivity all tend 
to focus the patient’s attention on his tongue. These facts, added to 
the layman’s knowledge of the terrible mutilation and high mortality 
attendant on a glossectomy coupled with his great fear of cancer in any 
onn or region, are sufficient to strike terror into the stoutest heart, 
t IS small wonder, then, that a person of nervous or emotional instability 
cowers before the possibility' of such a scourge and becomes an easy 
Victim of cancerphohia. Such unfortunates present excellent opportuni- 
ties or the practice of medical art and humanitarianism. 


SUMMARY 


Attention has been called to the increasing number of patients with 
iign new growths who present themselves. Emphasis has been placed 
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on those who have developed cancerphobia as a result of an insignificant 
or fancied lesion of the tongue. Stress has been placed on the responsi- 
bility of the physician to make a correct diagnosis as to the existence or 
nonexistence of a malignant tumor and, in the latter instance, to give 
special time and thought to dispelling the fears of those who may be 
sufi'ering from cancerphobias 

Since insufficient, or no, data were recorded in cases in which there 
was a tiny lesion of the tongue or none, there has been included a short 
statistical stud}' of lingual papillomas, since they are the commonest in 
the group of benign tumors of the tongue and are, at the same time, most 
liable to undergo malignant changes. In the present series, 65 per cent 
of distinctly suggestive glossal papillomas remained benign throughout 
their observed course. 

As a matter of illustrating signs and symptoms together with a 
simple form of treatment, the histories of two cases were included. 
One patient complained of undue sensitivity in the lingual papillae on 
both sides of the tongue, and the subjective features were eliminated by 
simple psychotherapy combined with oral hygiene. The other cancer- 
phobist had xerostomia associated with paresthesias of the buccal and 
pharyngeal mucous membranes, the symptoms being most pronounced 
over the anterior portion of the tongue. It was possible to reduce 
temporarily the abnormal sensations and to dispel permanent])' the 
patient’s fears of having cancer. 

In order to obtain histologic data concerning the existence of lesions 
without associated sensory disturbances, a series of one hundred tongues 
secured at autopsy was studied. Enlarged papillae, erosions of^ the 
mucous membrane, superficial infections and collections of debris 
were often found. Since no patient had had complaints referable to 
the tongue, it was assumed that under suitable conditions such lesions 
as those described may exist without being noticed by the patient. 


CONCLUSIONS 

1. Cancerphobia is apparently on the increase. It should be acthcl) 
combated by sagacious, patient, sympathetic treatment. 

2. Many patients suffering from a morbid fear of lingual canct 
have no demonstrable lesion ; others have a benign one which is o 

a simple hypertrophy of the foliate papillae. ^ ^ 

3. An analysis of twenty-three cases of lingual papillomas lu " 
malignancy was suspected or could not be ruled out clinically 
that during the period of observation 65 per cent of the patients 
not show carcinomatous changes. From this it is reasoned that pa i 
suffering from far more insignificant, or from fancied, Ic.sions o 
tongue have little to fear in the way of these becoming cancerous. 
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4. A microscopic study of one hundred tongues taken at autopsy 
demonstrates that patients may have small lesions of this organ without 
sensory disturbances. This supports the idea that cancerphobia is the 
resultant of underlying psychic and nervous disorders rather than a 
fundamental physical derangement. 

Since writing this paper, I have found an article entitled "L’organe folie de la 
langue. cause possible d'un diagnostic errone dc cancer," by A. Lacassagne (Radio- 
phys. et radiotherapic 2:131, 1930) which apparently has a direct bearing on the 
subject of "Cancerphobia.” 
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M'riters slintiJ T”*! of the stomach is so voluminous that 

some nnif ^ from adding to the confusion unless they follow 

and Sin proposed by Greenough 

s cJ ■ " claim to specfal 

mirli what are apparently a few cures, but present even 

mo est results as a challenge to a disease vdiich unmolested 
a ways carries the patient to his grave with absolute certaipty. If it 
e s io\Mi, for instance, that a patient with cancer of the stomadi 
3 ive untreated for five 3'ears, then our conclusions regarding the 
cac} 0 surgical eradication would be unsound. But lacking siidi 

pi 00 , we must lel}' on the surgical method as the onF successful means 
of treatment.- 

The stomach is the most common site of human cancer (fig. 1 ®). 
le statistics from which the diagram in figure 2 was drawn show 


May^4 ^1932 ^ meeting of the College of Physicians of Philadelphia, 

t Dr. Ashhurst died Sept. 19, 1932. 

1. Greenough, R. B., and Simmons, C. C. : Boston M. & S. J. 185;2S3, 1921 
. ■ ^ aware that isolated instances of patients surviving over' five years 

with untreat^ carcinoma are on record, but not, as far as we know, of gastric 
carcinoma. r. Peter P. Klopp recalls a woman with unmistakable clinical 

cancer o t e left breast in the days before the therapeutic use of radiant energy, 
w o re use treatment, but who nevertheless lived for eighteen years after the diag- 
msis was made. The longest period of survival in surgically untreated cancer of 
he stomach that we were able to find in the literature is three years, ((a) Bfood- 
gooa, J. C.: Ultimate Results and Actual Functional Results After the Different 
m Intervals of Five Years or More, Ann. Surg. 92:574 

pjct.J 1920; (b) Hitzenberger, K., and Merkler, D.: Cancer of the Stoniacfi: 

(xfu Treated at First Medical Clinic, University of Vienna, Wien. Ulin. 

Wchnschr. 44: 632 [May 15] 1931.) 

from which this drawing was made represent the death rale 
per un re thousand, and not the incidence of cancer. According to the medical 
epartment of the Metropolitan Life Insurance Company, there are no reliable 
s a IS ics file incidence of cancer of the stomach, the best available figures on 

ea s y being those furnished by the Annual Reports of Mortality Stati?- 

tics published by the United States Bureau of the Census (personal cornmiinica- 
on . owexer, since the death rate and incidence are so nearly alike, the fi"0'^‘^ 
given portrays incidence accurately enough. 
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that there is an unmistakably significant trend toward an increase in 
the incidence oi this disease, especially among males, who are apparently 
afflicted more frequently than females, the difference between the sexes 
widening with the passage of years. Caucasians suffer more often 
than blacks (fig. 3), and economic station has some bearing, for the 
more prosperous group seem to suffer less frequently (fig. 2). The 
age incidence of carcinoma of the stomach in a vast series of cases is 
shown in figure 3. Our own figures, which follow, show that most of 
fifty-four patients were in the sixth (ei^iteen) and seventh (eighteen) 



h ^Diagram drawn from statistics of the Metropolitan Life Insurance Com- 
pany, Industrial Department, 1922, showing that the stomach is the most common 
cite of cancer.a 


decades of life at the time of treatment; third decade of life, two 
patients ; fourth decade, four ; fifth decade, eight ; sixth decade, eighteen ; 
seventh decade, eighteen; and eighth decade, four. 

The significant feature about both sets of figures is the surprisingly 
high incidence in. the young adult, a fact which belies the usual state- 
ment in textbooks. Our youngest patient was 27 years of age, the 
next youngest being 30 and 33 years, respectively. While the average 
age of patients in our own series at the time of treatment was about 
56 years, more than 25 per cent of them were 50 years of age or 
ess. Among the reports of cancer of the stomach in young patients are 
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those of Minlz’s * 11 year old boy; Marble’s 17 3 .'ear old^irl; 
ItJorian;'’ Jones and Scott" (five jTar cure in a 24 year old man), 
and Nicholson.® Osier and McCrae collected six reported cases in 
persons under tlie age of 10. 

We observed more than twice as man\'’ men as women (thirty-eiglit 
male; sixteen female). 

DIAGNOSIS OF CANCER OF THE STOMACH 

Symptoms . — Patients with gastric carcinoma fall into three groups 
according to the type of clinical symptoms from which they suffer: 
( 1 ) those with a short history (i. e., up to six months) ; (2) those with 



Fig. 2 . — Diagram showing how cancer of the "stomach-liver” varies with ti 
sex and economic station. The star indicates the more prosperous group. 

a long history (over six months), and (3) those with no histor) 
the dyspepsia syndrome.^® 

4. Mintz, M. M. ; Cancer of the Stomach in 11 Year Old Boy, 

roentgen. i radiol. 8:357, 1930. Hnnkins 

5. Marble, A.: Cancer of Stomach in 17 Year Old Girl, Bull. Joins 

Hosp. 48:39 (Jan.) 1931. Uin. Chlr- 

6. Morian, R. : Cancer of the Stomach in Young Persons, Aren. • 

164:329, 1931. . . ^ent 

7. Jones, E. B., and Scott, M. : Cancer of the Stomach ; Case m i v 

Cure, M. J. Australia 1:554 (April 26) 1930. _ , Oncer 

8. Nicholson, S. T. ; Consideration of Certain Diagnostic Features o 

of the Stomach, Pennsylvania M. J. 34:169 (Dec.) 1930. v i n" N" 

9. Osier, W., and McCrae, T. : Cancer of the Stomach in the \oi • 

York- M. J. 71:581 (April 21) 1900. 

10. Berger, W. : Cancer of the Stomach: Present Status of ^ 

Wien. klin. Wchnschr. 44:33 (Jan. 9) ; 71 (Jan. 16) ; 108 (Jan- -P 
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Group 1 comprises about from 50 to 60 per cent of all cases in 
our experience, a figure which agrees rvith those cited by Dwyer, Black- 
ford and Turner,*^^ and by Obeniiedermayr and Stahnked- 
About 35 per cent of all cases fall into group 2.’° 

According to some authorities rvith significantly large series, group 3 
is composed of from 2 per cent to 18 per cent of all cases. Our 
ward case 3899 is an example of one of these patients who had no 
complaint concerning his digestion or stomach, showing how difficult it is 
occasionally to make a correct diagnosis. 



Fig. 3. — Diagram showing how cancer varies with color, sex and age periods. 

Ward Case 3899. — A woman 33 years of age on Feb. 17, 1925, complained of 
pain m the lumbar region and the pelvis. The presence of carcinoma of the 
stomach was not even suspected. The patient was examined several times by 
Dr. Haines (cystoscopy) for ulcerative cystitis, and died a month after admission, 
of exhaustion and bedsores. Only at necropsy was carcinoma of the stomach 

(nonobstructive) found, with secondary carcinoma of the pancreas, the lungs and 
the ovary. 

11. Dwyer, M. F, ; Blackford, J. M., and Turner, H. C. : Carcinoma of the 
btomach: Clinical Study of 100 Cases, J. A. M. A. 93:1456 (Nov. 9) 1929. 

. Ol’srniedermayr, A., and Stahnke, E. : Carcinoma of the Stomach : Sur- 
1922-1926, Koenig's Clinic, Deutsche Ztschr. f. Chir. 214:387. 
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At first, most of the patients complain of indigestion and lack of 
appetite, especiall}' for flesh, and loss of strength and weight, rather 
than actual pain. Later, most of them experience pain, usually in the 
epigastrium, but not necessarily so, and this occasionally radiates to 
the lumbar or shoulder region or into the pelvis. The coexistence of 
epigastric tenderness is common. The prominence of vomiting depends 
on whether or not there is pyloric obstniction. Those patients in 
group 3 (without the dyspepsia syndrome) often suffer from weakness 
and anemia, cardiac disturbances, fever and sweating, or from neuralgia 
(bone metastasis). The peculiar lemon tint of the skin of anemic 
patients is said to be characteristic of gastric cancer. The difficulty of 
diagnosis based solely upon symptomatology' is illustrated by the 
following four cases. 

A woman, 48 years of age, who had been under tlie care of an able neurologist 
for six months, with the diagnosis of neurasthenia, was found (by exploratorj’ 
laparotomy, 1925), when a surgeon’s advice was finally sought because of failing 
strength, anorexia and abdominal discomfort, to have an operable mass of car- 
cinoma at the pylorus. Gastrojejunostomy brought symptomatic relief, maintained 
until the patient’s death four months later from lobar pneumonia. 

A man of 79 years bad lost 42 pounds (19.1 Kg.) during the preceding two 
years ; for eighteen months his stomach had troubled him, his chief complaint being 
pain there from three to four hours after meals, relieved by taking food. ^ 
considered fairly characteristic of ulcer of the duodenum. Exploration ( / 

showed a fixed, but not entirely immovable, mass on the posterior wall o t >e 
stomach, much nearer the cardia than the pylorus, causing hour-glass 
Gastrogastrostomy (at Walter Reed General Hospital March 14, 1919) , 

patient immediate relief, which was maintained for eighteen months. Secon ^ 
nodules became palpable in the liver, and on one occasion the patient vomite sorn^^ 
of the tumor, which was shown under the microscope to be adenocarcinoma, 
occurred nine months after operation following a terminal illness of three wc 

Another man, 52 years old (Jan. 28, 1916), had been under treatment in tb^ 
medical ward, and (just four weeks after he had been dismissed as cure 
“ulcer of the stomach”) was readmitted to the surgical service with 
carcinoma. This patient, whose gastric symptoms extended over a peno 
years, was also relieved by gastrojejunostomy (January, 1916) and re ur 
his work as a farmer, plowing and reaping all summer ; in September , 

back with carcinomatous nodules in the otherwise empty sac of an ingumu i 
he continued to be comfortable so far as his digestion was concerned, unti Jam 
1917, and died in February, thirteen months after operation. 

Another patient, a woman, a lawyer, 39 years old (1916), had been 
ing of symptoms of the stomach for two years, and during all this time 
under the care of a professor of therapeutics. When he finally asked a 
opinion, exploration (Nov. 18, 1916) showed inoperable carcinoma of t !e . 
with malignant ascites; death occurred nine weeks after operation. 

Precancorotis Lesions. — We do not wish to engage in the 
philippic now raging in the medical journals over the question o 
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as a precancerous lesion of tlie stomach. Alvarez and MacCartj' are 
the authors of the now hackneyed quotation, “Gastric ulcers larger than 
a quarter (2.4 cm. in diameter) or carcinomas smaller than that are 
so rarely encountered that the physician \\-ith an average practice may 
go years without seeing one”; and MacCart}-'s estimate as to the high 
incidence of precancerous ulcer is well known, even if not acceptable 
to the majority of his colleagues. The English and continental authori- 
ties hold to a more consen-ative view, as do the majorit}'- of our own 
countrymen, and seem somewhat disinclined to accept all of jMacCart}-’s 
histologic criteria of malignancy without question. The following two 
case histories suggest that though the symptoms of gastric ulcer may 
be relieved by gastrojejunostom}', yet carcinoma can actually develop 
in the ulcer or in the scar left by its healing. 

Ward Case 380S. — A man, aged 45, on Jan. 15, 1925, complained that for three 
months he had had constant epigastric pain, aggravated for about two hours after 
eating. Fifteen years before (1910) he had had a gastrojejunostomy performed 
elsewhere for ufcer of the stomach, when he was 29 years old. Exploration (1925) 
showed an inoperable mass on the lesser cur\-ature near the cardia, with metastases 
to the right lobe of the liver and to the abdominal wall and umbilicus. The 
gastrojejunal anastomosis did not admit the finger. There was no obstruction to 
the cardia or the pylorus. Biopsy showed adenocarcinoma with a great increase 
of fibrous tissue. The patient died four months later. If the cancer had gro'wn 
at the pylorus, and not at a site where symptoms are so often delayed, the patient 
might have come to operation early enough for hope of cure. He certainly had 
had carcinoma for more than three months, and for less than fifteen years.^'* 

Ward Case 3167. — A man, aged 40, on Dec. 18, 1923, complained of stomach 
trouble for the pre^nous seven weeks. He had been haHng epigastric trouble for 
the previous seven weeks. He had been having epigastric cramps. 

Eleven years previously (1912), a partial gastrectomy (Polya's) had been 
done (by Dr. Frazier, in this hospital) for a chrom'c ulcer on the lesser curvature 
which showed no evidence of a malignant condition under the microscope. Eixplora- 
tion (1923) showed a fixed inoperable mass on the lesser curvature with metastases 
to the liver. Death followed in two months. Necropsy was not permitted. 

Ulcer is not the only lesion of the stomach held to be precancerous, 
for, as Miller pointed out, benign polypus and even chronic gastritis 

13. Alvarez, W. C., and MacCarty, W. C.: Sizes of Resected Gastric Ulcers 
and Gastric Carcinomas, J. A. M. A. 91:226 (July 28) 1928. 

14. Whether or not this carcinoma developed at the site of the former ulcer, 
perhaps in its scar, is uncertain. But as it is well known that gastrojejunostomy 
will not prevent the development of an ulcer in the stomach, it is not logical to 
expect it to heal such a lesion. It is our own firm belief that whenever possible 
m ulcer of the stomach should be treated by wedge resection or partial gastrectomy. 

■ '^'■cinoma may develop contiguous to, but separate from, a chronic ulcer 

^ stomach, as in the case of Ernest M., whose history is summarized on pages 
o and 340. iloreover, even after a benign ulcer has been excised, carcinoma may 
develop after many years (Ward Case 3167). 

G. ; Precursors of Cancer of Stomach, Pennsylvania M. J. 34: 

DO (Dec.) 1930. 
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arc known to be precursors of malignant growths. Sprunt^*^ reported 
the coexistence in the stomach of tuberculosis and cancer, but carefully 
avoided any interpretation of the fact. 

As w'c have shown that to rely entirely on symptoms for diagnosis 
is dangerous practice in gastric cancer, careful physicians and surgeons 
should take every means to investigate the possibility that their patient’s 
symptoms might be due to carcinoma. The means of diagnosis, aside 
from symptoms, which have just been discussed, might be classified 
as follows: 

I. Purch' Clinical Methods 

(o) Palpable tumor 

57 per cent of our cases 

60 per cent of Oberniedermayr and Stahnke’s series 
(A freely movable palpable small tumor is more of a favorable sign 
than otherwise [Mayo], because it indicates that the growtli is 
accessible.) 

{h) Cache.via 

(c) Coffee-ground vomitus 

II. Laboratory Methods 

(o) Chemical examination of stomach contents and of stool: 

(1) For strength, concentration and type of acid 

(2) For occult blood 

(Riitimeyer estimates that .this finding is positive in 100 per cent 
of cases; Anschutz, 94 per cent; Boas, 95 per cent^®). 

(0) Microscopic e.xamination of stomach contents for abnormal objec s 
(Oppler-Boas bacilli; fragments of tumor) 

(c) Roentgen Diagnosis ^ 

(A positive roentgen diagnosis is nearly 100 per cent perfect, u 
negative is not.) 

III. Unusual, New and Obsolete Means 

(a) Gastroscopy 

(b) Gastrophotography 

(c) Serum diagnosis 

(d) Pneumoperitoneum 

(c) Inflation or distention of the stomach 

IV. Exploratory Laparotomy 

Exploratory Laparotomy . — Exploratory laparotomy is sometimes th^ 
only means of ascertaining the truth. Nor should other means o c 
nosis be persisted in too long, lest the stage of operabilitj (cren 
palliative operation) pass without the diagnosis being certain, 
true that exploratory laparotomy is not infallible. Among the pa 
formerly included in the present series with gastric carcinomas 
three on whom gastrojejunostomy was clone under the impression 

16. Sprunt, D. H. ; Carcinoma and Tuberculosis: Report of Case vith B 
of Literature, Surg., Gyncc. & Obst. 51:245 (.Aug.) 1930. 
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the inoperable mass found obstructing the pylorus was carcinomatous; 
but as these three patients remained in good health more than three 
years after this palliative operation, they have been removed from the 
list of patients with cancer and transferred to the group with benign 
ulcers, thus reducing the number of patients with carcinoma from 
fifty-seven to fifty-fourd" 

In all other patients the correctness of the diagnosis has been proved 
either b}- the lesions found at necropsy, at operation (secondarr- nodules 
in liver, etc.), by laboratorr- examination of the excised specimen or by 
the patient's death. In a fourth patient, partial gastrectomy was done 
on a clinical diagnosis of carcinoma, but under the microscope no 
malignant condition could be found. Including these four patients, later 
classified as having ulcer instead of carcinoma, there were forty-six 
patients who, when their abdomens were opened, were thought to be 
suffering from carcinoma. Four errors in clinical diagnosis among 
forty-six patients is a percentage of less than 8.7. Certainly no other 
means of clinical diagnosis is any more accurate than exploratorj- opera- 
tion. Furthermore, these errors are not objectionable because they 
resulted in proper treatment in spite of the error. 

Roentgen Examination . — Apart from exploratory laparotomy, we 
believe roentgen study to be the most nearly infallible means of diag- 
nosis (Dr. Ralph S..Bromer and his staff cooperated in the conduct of 
these studies). Yet many patients were so ill from starvation, and 
the clinical diagnoses so reasonably certain, that operation was done 
without the delay of roentgen study. It is interesting to note in passing 
that the first roentgenogram of the stomach was made in 1896, by an 
American, John Conrad Hemmeter.^® 

Gastric Analysis . — ^Though many brilliant contributions to pure 
science and the physiology of digestion have been made on the cheinistr>- 
of digestion by chemists from the time of the first work by Young 
in his graduating thesis from the University of Pennsylvania on “An 
Experimental Inquiry into the Principles of Nutrition and the Digestive 

17. Schonbauer and Orator reported the case of one cancerous patient who 
survived gastro-enterostomy four years, and of another who survived sixteen and 
one-half j-ears (Wien. klin. Wchnschr. 37:79, 1924). Daneel recorded one seven 
jear survival after gastro-enterostomy (Results in Gastric Cancer Cases Treated 
1908) 1898 to the End of 1905, Beitr. z. klin. Chir. 59:283, 

Hemmeter, J. C., cited by Garrison, F. H. : History of Medicine, ed. 3, 
Philadelphia, W. B. Saunders Company. 1922, p. 686. 

19. \oung, John R. : An Experimental Inquiry into the Principles of Nutrition 
Digestive Process, graduating thesis. University of Pennsylvania, 1803 ; 
cited by Garrison, pp. 329 and SOS. 
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Process (1803) through Beaumont-” to the present, nevertheless, in 
actual practice we fail to lay as much stress on chemical analysis as 
some authorities, and can I’ecall no case in which the results of sudi 
an analysis outweighed all other considerations. Even the demonstra- 
tion of lactic acid is regarded as equivocal, as it has been proved to 
occur in noncancerous conditions.”^ 


TREATMENT OF CANCER 

No Operation. — On twelve of our patients no operation was 
attempted ; three patients refused, and in nine it was considered useless 
to attempt even exploration. Only four of these twelve patients died 
in the hospital ; of the eight discharged, three died within less than 
seven weeks ; one was still living in misery when last heard from, a year 
later, and four could not be traced. 

The average duration of life from the onset of the first symptom 
is a little over a year (15.7 months in a vast series of cases, 1919-1927, 
taken in the San Francisco Cancer Survey””). 

Operation. — As was indicated earlier, there have been no known 
cures after treatment by electricity, light, radiant energy, drugs, chem- 
icals or biologic products. Surgical removal of the lesion, for die 
present, is the only hope. Although surgery of the stomach has a long 
history, there being a record of an operation in 1625 on tlie stomach 
of a patient who had swallowed a knife,”” it is only since Billroth s 
first successful pyloric resection in 1881 that carcinoma in this organ 
has been cured. This brilliant Zurich professor, later of Vienna, heads 
a famous list of surgeons who distinguished themselves in this field- 
including his pupil, Johann von Mikulicz-Radecki (the first to use 
gloves in surgery, cotton ones, later superseded by rubber, introducec 
by Halsted), Vincenz Czerny, Anton Wolflef (first gastro-entcrostom} , 
1881), von Haberer, Finsterer and many others throughout tlie wor 
One of the reasons why there are no Billroths today is that there arc so 
many of them. Today there are, in widely' scattered regions, many 
surgeons capable of doing, almost as a routine, what was 
most unusual by the pioneers during the evolution of surgery o 
stomach. 

, p T.J 

20. Beaumont, W.; M. Rec. 8:14, 1825; 9:94, 1826; cited by Garrison, x. - 

P- 506. . r (!,(. 

21. Dodds, E. C., and Robertson, J. D.: Lactic .Acid and Carcinoma o 

Stomach, Lancet 1:171 (Jan. 25) 1930; Quart. J. Med. 23:175 (Jan.) ^ 

22. HoHtnan, F. L. ; San Francisco Cancer Survey, 6tli Preliminary 

Newark, N. J., 1931, p. 12. , .■ 

23. de Lint, J. G. : Operation in 1635 upon Stomach of Patient ’ 
Swallowed a Knife, JEscuIape 20:223 (Aug.) 1930. 

24. Billroth, Theodore: Wien. klin. Wchnschr. 31:162, 1881. 
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Table 1. — Data in Cases of Gastric Carcinoma Observed by Various Authoritifs 


\’enrs 

19-20-1927 

191-1 

1S93-1911 

1924-192G 

1920- 1927 
1903-1927 

192S 

1931 

1S78-1890 

1912 
1S9S-1919 
1890-1900 

1890- 1903 

1891- 1897 
1890-1900 
1913-1922 
1884-1900 
1900-1920 
1881-1892 
1898-1905 

1920 

1903- 1909 

1904- 1914 

1913 

1890- 1900 

1921- 1923 
1920 
1913 

1912 
1910-1929 

1927 

1919- 1927 

1913 

1920- 1927 
1912 

1878-1894 

1909- 1923 

1919- 1929 
1895-1910 
1912-1913 

1911 

1891- 1904 
1897-1919 

1914 

1893- 1895 

1910- 1930 
1911 

1922- 1920 
1887-1926 

1903 

1028 

1908 

1920- 1927 
1920-1927 
1915-1923 

1928 
1920-1927 

1914 

1895-1897 

1894- 1903 

1903- 1907 

1904- 1923 
1911 

1020-1927 

1918-1921 

1929 
1907-1911 

1930 


Author 

Alcfsnnclrl 

Alexlnskl 

Aitschul 

Bnlfour 

BagozzI 110 

Bastlnnelli, P 374 

Bastlanelll, R 

(le Bculo 

Billroth 

Bindsoil 

Borelius 

Brunner 

Brunner 

Oarle and Pantlno 

Oaspersohn 

Chcever 

Creitc 

(Jrossan 

Czerny, R 

Danoel 

Denver 

Delore and Alamartlne 

Delore and Santy 

Derjushinsky 

Eiselsberg 

EUaschev 

Eusterman and Bueerman — 
Earoy,.. 

Eeurer... 

Elnsterer 
Prank... 

Pumagalli 228 

Galpern 

Gamerini. . . 

Gar 

von Hacker, 

Hanssen.... 

Hitzenberger and Jlerkler 272 

Hoffmann... 

Kleinschmidt 

Guttner 

Makkas 

Mayo, O 

Mikaye 

Mundler 

Nicholson 344 

Nystrom (all cases in Sweden in 1911) 
Oberniederraayr and Stahnke. 237 

Persson 

Petersen 

Puecinelli 

Ribeira and Sans. 

Rossi, B 


No. of 
Cases 

No. Of 
Opera- 

Ex- 

Per plora- 

Per Pallia- 

Observed tions 

Cent 

tory 

Cent 

tive 

83 

07 

81 

19 

.23 

19 

012 

422 

09 

143 


217 

» * » 

113 


48 

42 

19 

no 

SS 

SO 

24 

24 

31 

374 

272 

73 

SO 

29 

95 

• * » 

543 

, , 

12S 

23 

176 

253 

247 

90 

• . . 


51 




... 


28 

• • * 

... 

, , 



3S 

059 

501 

76 

125 

24 

229 

47 

30 

64 

12 

40 

9 


62 


12 

19 

32 

136 

48 

35 

10 

20 

24 

54 

38 

70 

10 

42 

2 

230 

100 

42 

24 

24 

53 

241 

211 

SS 

42 

19 

119 

SO 

51 

04 

17 

33 

20 


38 


9 

23 

17 

395 

302 

70 

20 

8 

203 

171 

158 

92 

19 

12 

90 

113 

107 

95 

20 

IS 

57 


146 


72 

49 

10 





, . 

45 

41 

37 

90 

9 

24 

10 

1,408 

631 

45 

249 

38 

100 

64 

•• 

S 

13 

39 

♦ . • 

535 

* * 

OS 

is 

TO 

77 

62 

SO 

32 

52 

9 

228 

200 

88 

SO 

15 

87 


79 


14 

17 

S3 

... 

95 

• • 

29 

SO 

40 

... 

... 

* • 

... 


li 

280 

207 

74 

53 

26 

81 

272 

94 

35 

. . . 




309 

, . 

53 

IS 

144 

106 

95 

90 

10 

10 

02 


352 


Rossi, P 228 

Schonbauer and Orator 432 

Segre 

Seraflnl 

Sherren 

Steudel 

Stlch 159 

Stumpf 49 

Tanigueh! 1,422 

TOmoin 

Vecchl 

Volkmann 103 

Walton 202 

Well 445 

Ashhurst and KIopp 54 


438 

2,094 

20 

183 

222 

1,150 

110 

93 

227 

200 

387 

34 

70 

CO 

109 

44 

1,235 

330 

102 

14-3 

204 

304 

42 


08 

746 


14 

So 


54 


94 


05 

88 

90 


OS 

90 

80 


89 

78 

82 

78 


223 

612 


5 

25 

11 

82 

44 

59 

60 

30 

73 

339 

29 

450 

31 

28- 

29 

14 

15 

50 

53 

25 

87 

30 

15 

87 

104 

20 

120 

3 

9 

21 

31 

44 

34 

' 8 

13 

'45 

14 

12 

09 

1 

o 

22 

205 

21 

420 

23 

22 

54 

30 

20 

00 

(132) 

05 

(132) 

123 

35 

no 

10 

35 

20 


Per Resec- Per 
Cent .tion Cent 

29 43 

297 .. 

64 
46 
33 
97 
293 
197 
23 


23 

51 

16 

35 

35 

32 

20 


45 

30 

51 

50 


66' 

39 

44 

67 

60 

53 

10 

6 

27 

16 

61 

19 

11 

44 

41 

42 


39 

40 
05 

4S 

29 

50 

32 

k 

39 

20 

53 

33 
44 
32 
02 
43 


03 

.50 

34 


41 

05 

30 

43 


15 

40 

S3 

S6 

44 

79 


147 

30 

IS 

14 
20 
23 
50 
34 
12 
73 
40 
43 
SO 
5S 
22 

15 
290 

16 
5S 

S4S 

21 

S3 

32 

20 

IS 

42 

71 

jOS 

17 

102 

103 

736 

116 

4 

4J 

225 

S3 

SOI 

57 

70 

29 

52 

53 
157 

10 


21 

511 


Cl 

120 

0 


29 

33 

29 

29 

50 


31 

24 


65 

34 

41 

40 


35 


20 

24 


41 

40 

29 


47 

41 


51 

II 
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risky, will reflect itself largely in a favorable influence in the radical 
operability, as well as in the mortality, statistics. Unfortunately, as 
will be noted by a glance at table 1, many authors reckon as 100 per 
cent merely the number of patients operated on and not the total number 
submitted to their judgment. Balfour,-® for example, modestly offers 
this fact, as a partial e.xplanation of the clinic’s favorable results 
in operations for peptic ulcer. Statistics, to be absolutely comparable, 
should include those patients who refuse operation, or whose condition 
is inoperable. 

The average percentage of patients with carcinoma submitted to 
resection in the statistics of figure 4 is thirty, with a maximum of 
forty-six and a minimum of ten. Up to Jan. 1, 1930, out of a series 
of fifty-four patients with carcinoma of the stomach under the care 
of the senior author (Dr. Ashhurst), only six (11 per cent) were 
observed early enough for radical operation. Of these six patients, 
however, four (66 per cent) have survived their operation for seven 
years or longer, and may be reckoned as “five year cures” : 

Benjamin E., aged 43, operated on in 1919; well in April, 1932 (thirteen years). 

Ernest M., aged 55, operated on in 1920; well in April, 1932 (twelve years). 

Harry W., aged 60, operated on in 1925; well in April, 1932 (seven years). 

John D., aged 68, operated on in 1925; well in April, 1932 (seven years).-® 

The results are the same to March, 1933. 

The percentage of five year cures reported b)’ surgeons may be 
distorted in all sorts of ways, as shown in figure 5 and table 2, wliich 
are self-explanator}'. The important column is the percentage of the 
total number of patients under observation who obtain five year cures ; 
a high figure in this column is an index of what is called “surgical 
judgment” (column 2, table 2 and the first bar in figure 5). A com- 
parison of various surgeons’ results is most difficult, since some report 
the percentage of survivors, others the percentage of those appearing 
in the end-result clinic. 

The duration of life among the patients “cured” at least five years 
IS sometimes remarkably long, considering the expectation of life at 

25. Balfour, D. C. : Proc. Staff Meet., Maj’O Clin. 5:64 (March 5) 1930. 

26. A fifth patient, John JL, aged 45, who was operated on in 1921, was well 
m 1930 (nine years) ; but as there is disagreement between pathologists as to 
whether or not his lesion (excised from the lesser curvature) is or is not car- 
cinoma, his case is not included. Reports of cures, such as that by Quigley, in 
tvhich there is no reasonable proof of carcinoma, should be definitely so labeled 
m their titles (Three Cured Cases of Supposed Carcinoma of the Stomach, 
Aebraska M. J. 13:338 [Sept.] 1928). 




Fig. 5. — Percentage of five year cures. Reading from top to bottom, the first 
bar represents cures in percentage of all patients ; the second bar, in percentage of 
all operations; the third bar, in percentage of radical operations, and the fourt 
bar, in percentage of survivors of resections. 



Fig. 0. — Expectation of life curve is plotted in black ; the number 
surviving c.xcision is plotted (double line) against the years after rcsec lon. 
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the average cancer age.-' (In figure 6 is shown the expectation of life 
curve drawn from figures of the Metropolitan Life Insurance Com- 
pany, Industrial Department, 1928, for selected ages between 10 and 70 
years.) 

Exploratory Operation . — ^As indicated already, exploration was 
urged on every patient who we thought would survive. Some writers 
claim that the question of inoperabilit}- may be as easily decided by 
roentgenologic stud}' as by exploration. This has not been our own 
experience. In spite of a negative roentgen examination, we once 


Table 2. — Five Year Cures in Cancer of the Stomach 





Per Cent 

Per Cent 

Per Cent 


Xo. of 

Per Cent 

of All 

of Radical 

of Sur- 


oTear 

of All 

Opera- 

Opera- 

vivors of 

Date Author 

Cures 

Patients 

tlons 

tlons 

Resection 

1927 Franl: 

1 

1.3 

1.6 

4.8 

... 

1923 Cheerer 

. . 3 

1.3 

3.0 

13.0 

15.0 

1910 Paterson 



1.4 

4.7 

G.5 

1927 Persson 

17 




... 

1918 Mayo, W. J 


... 


20.6 


1919 Douglas 


... 


27.0 


1928 Pauchet 


... 


31.3 


1919 Mayo, C 

59 



S.l 

6.3 

1930 Nicholson 

o 

6.^ 

1.04 

4.5 


1929 Hitzenberger and Merkler 

o 

0.73 

2.1 


... 

1910 Hoflmann 

4 

. . . 

1.3 

3.9 

7.4 

1903 Petersen 

3 


5.3 


S.3 

1903 Ribeira and Sans 



5.4 

17.i 

33.3 

1903 Stich 

0 

0 

0 

0 

0 

1907 Stump! 

0 

0 

0 

0 

0 

1923 Tanijruchl 

49 

3.5 

4.0 

9.0 

11.1 

1911 T€moin 

12 

3.5 


12.0 


1929 Walton 


7.4 

9.1 


33.6 

1890 Billroth 

1 



3.6 

8.3 

1919 Borelius.. 


1.1 

i.4 

4.8 

8.0 

1905 Daneel 


1.3 

1.6 

0.8 

9.6 

1913 Derjushinskv 


2.0 

5.2 

15.S 

19'29 rinstCTCT 

50 


0.3 

14.2 


1922 Nystrom 

1930 Dearer 

23 

o 


12.4 

15.S 

1930 Jones and Scott 

1930 Schwyzer 

1 





1928 Pers 

1923 Anschutz 

3 



i6.6 

15.6 

1911 Kuttner 






1915 ron Haherer.. 

2 





Ashhurst and Klopp 

4 

7.4 

9.5 

66.6 

s6.6 


27. Bloodgood -» mentioned a twenty year survival after partial gastrectomy 
for cancer; Pers, two survivals, of twenty-two and one-half and nineteen and 
one-half years, respectively (Results Obtained by Resection in Cancer of the 
Stomach, Acta chir. Scandinav. 64:405, 1928) ; Schwyzer, one of twent\'-four years 
(Cancer of the Stomach : Case Without Recurrence Twenty-Four Years After 
peration, Ann. Surg. 92:540 [Oct.] 1930), and Weil, two, of nineteen and twenty- 
one years, respectively (Carcinoma of the Stomach, 1891-1911, Beitr. z. klin. Chir. 

■'Idl, 1919). Of W. J. Mayo’s patients (Cancer of Stomach, Surg., Gynec. & 
St. 26:367 [April] 1918), thirty-five lived more than six years, with a gradual 
cc me in the total number living, as shown in figure 6, in which the data have been 
^perimposed on an expectation of life curve to show the similarity in shape. 

(Curability of Cancer of Stomach, Surg., Gjmec. & Obst. 54:312 [Feb. 15] 
-) reported from the klayo Clinic one hundred and twenty-eight patients who 
P or more after radical operation. One of our survivors, Benjamin 

IS ning (April, 1932) at the age of 56. thirteen years after operation. 
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found a mass of carcinoma (unfortunately inoperable) high in the 
fundus of the stomach (greater tuberosity) . Nor has a positive roent- 
genologic report, however unfavorable, ever deterred us from opening 
an abdomen in the hope of being able to do at least a palliative operation. 
In fact, it may be said that every one of these operations has been 
commenced as an exploration. Fortunately, in 62 per cent of these 
explorations it was possible to do either a radical (in 45 per cent of 
all operations) or a palliative operation (in 48 per cent of all opera- 
tions), leaving only sixteen patients (38 per cent of the total opera- 
tions), for whom nothing could be done, (In figure 4 the results of 
other authorities are compared.) 

Mortality of Exploratory Operation . — The death rate in these si.K- 
teen exploratory operations was high (43.7 per cent), and all patients 
who survived and were sent home, except one, died in less than five 
months. The one exception is a man living, in miserable health, one 
3 ''ear after exploration, who showed a carcinoma high on the posterior 
wall of the stomach (fundus) not causing obstruction, but with 
metastases in the liver. 

The cause of death after exploration, whether death occurred while 
the patient was still in the hospital or after discharge, was attrib- 
uted to the progress of the disease in every case except one; in the 
case excepted, pneumonia was the cause, death occurring four da)J 
after exploration under ether. If this were the only one to be recorde 
as a postoperative death, our operative mortality in exploration wou 
fall from 43.7 to 6 per cent, which is nearer the figures given by man) 
surgeons under these circumstances (fig. 7; table 3). 

The following anesthetics were used in our exploratory operations. 

Ether was used three times with two deaths : one from pneumonia 
on the fourth day, and the other from the patient's disease, after one 


from 

Nitrous oxide gas was used twelve times, with four deaths, a 
the patient’s disease, at intervals from twelve days to six weeks a 

operation. , t- ?e 

Local anesthetic was used once, with death from the patient s 
forty-eight hours later. Perhaps it was an error to have perfornw 
an exploratory operation on so ill a patient. 

It is our practice to get patients in whom exploration has been ( 
out of bed early after operation, as they easily become bedfast aiv 
Palliative Operation. — Palliative operation was done on 
patients, or 30 per cent of the whole number seen, or 48 per 
those subjected to operation. The operations were as follows- 
iejunostomy' (fifteen posterior and one anterior) was done m 
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cases for pyloric obstruction. Gastrogastrostomy was performed once 
for hour-glass obstruction. Gastrostomy was performed in three cases 
for cardiac obstruction. 

The following anesthetics were used in our palliative operations ; 
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Operative mortality in cancer of the stomach for three tvpes of 

Operations. 


Ether was used five times, tvith one death from surgical shock 
eighteen hours after operation. 

Kitrous oxide gas was used eight times, with three deaths ; one, after 
01 tt -eight hours, from the patient’s disease; one, after seventeen days, 
trom multiple pulmonary abscesses, and one, after one month, from 
progress of the disease. 
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Local anesthetic was used six times, with three deaths, all within 
a few days, from asthenia. 

Spinal anesthetic was used once, with recovery. 

Table 3.' — Operative Mortality of Various Types of Operation for Cancer of 

the Stomach 


Author* 


Exploratory Palliative Ecsectlon 

Deaths Deaths Deaths 

— . — 1.^. — — I ' . /- • - 

Number Per Cent Number Per Cent Number Per Cent 


Aloxlnskf 

Altschul 

Bagozzl 

Bastlanelli, P 

Bastlanelll, R 

de Beule 

Billroth 

BIndsell 

Borelius 

Brunner 

Carle and Pantino 

Oaspersohn 

Cheever 

Orcite 

Crossan 

Daneel 

Denver 

Delore and Alamartine 

Delore and Santy 

Derjushlnsky 

Eiselsberg 

Paroy 

Peurer 

Finsterer 

Galpern 

Gamberini 

Gar 

von Hacker 

Hanssen 

Hltzenberger and Merkler.. . . 

Hotimann 

Klelnschmidt 

Kttttner 

Makkas 

Mayo, 0 

Mikaye 

Nystrom 

Oberniedermayr and Stahnke, 

Persson 

Petersen 

Eibeira and Sans 

Schdnbauer and Orator 

Segre 

Seratlni 

Sherren 

Steudel 

Stich 

Stumpf 

Taniguchi 

TSmoln 

"Vecchi 

Volkmann 

Well 

Ashhurst and Klopp 






148 

19 

13 

54 

27 

20 

5 

20 

8 

*25 

14 

9 

11 

22 

23 

21 


15 


21 

.. 




15 




14 

50 

is 





8 

21 

16 


is 

31 

8 

26 

‘9 

37 

ii 

5 

20 

7 

is 

3 




19 

7 

41 

io 

50 

6 

4 

15 

S3 

16 

21 




12 

■ ■ 



33 

14 




1 





39 



is 

2S 

7 

‘e 


8 

is 

7 

11 

'.6 

20 

"g 

15 

’2 

5 

• • 

• * 

25 

56 

19 

'b 

io 

36 

60 

21 

5 

20 

27 

54 

26 

49 



is 

25 

* • 

* * 

'■ 


57 

22 

'^9 

67 

ii.i 



•• 



40 


19%: 

17 

mortality of all operations 

23 001 


• ■ 

24 

50 

3*/ 

io 

’9 

10 

33 



'4 

20 


i 

’3 

10 

SI 

'0 

' ' 


io 

35 


, . 

. . 

10 

34 

7 

0 




* • 

UO 

• • 

• * 

• * 


m 

i 

■4 

io 

is 

6 

IS 

'• 



* * 

31 

7 

44 

‘7 

35 

1 


SO 

40 

42 

21 

23 

31 

66 

21 

21 


55 

13 

SS 

36 

23 

26 

S3 

5 

67 

31 

43 

16 

36 

12 

7 

S3 

45 

7 


24 

34 

13.7 

31 


40 

43 

21 


26 

'0 

25 

13.5 

24 
32 

25 

16.6 


* See table 1 for number of operations. 


Mortality of Palliative Operation . — Our general mortality 
tive operation (35 per cent) is r^ery high (fig. 7; table 3). 
thirteen patients who survived, the subsequent histor}' is knot'-n 
eleven; these patients were discharged from the hospital and 
comfort for periods varying from three to fourteen months 
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being incapacitated by their final illness, Avhich usually lasted only a few 
weeks. The patient who had the shortest period of relief after opera- 
tion ( three months) curiously enough had the longest period of dis- 
ability (four months) before death. The patient with the longest period 
of good health (fourteen months) was a man of 77 years at the time 
of operation ; fourteen months later he died suddenly, of angina pectoris, 
having had entire freedom from gastric symptoms since operation. 

Table 4 shows the reasons why no radical operation could be under- 
taken on these twenty patients. 

Table 4. — Palliative Operations 


Vaturo of 


Kame 

Age 

Growth 

Louis S 

CO 

Pixed 

Charles G 

32 

Entire stomach 

Lizzie W 

GO 

Movable 

.Tos. .A 

C4 

Fixed 

Jos. n 

... 63 

Jlovahle 

Paul K 

... 63 

Fixed, cardia 

Louis L 

G.3 

Fixed 

Julia S 

45 

Fixed 

Samuel E 

... 55 

Fi.xed 

Albert L 

— 5S 

Movable 

John W 

77 

Fixed 

Bridget O’D 

. . . . 35 

Extensive, but 
movable at 
pylorus 

John J 

CO 

Fixed 

Peter C 

5S 

Fixed, cardia 

Freda B 

CO 

Fixed 

George K 

? 

Fixed 

Benjamin S 

79 

Fixed 

Herbert K 

40 

Fixed, invading 
colon 

Mary C 

4S 

Fixed 

Gus S 

. . . . 5S 

Fixed 


Patient’s Lvmph 


Metastasis 

Condition 

Nodes 

Liver and pancreas 

Poor 

—— 

0 

Fair 

-^-4- 

Liver 

Poor 


Ascites 

Poor 


0 

Very had- 

0 

0 

Fair 

0 

Liver 

Poor 

— 

0 

Bad 

— 

Retroperitoneal 

Fair 


Liver and rctroperi- 

Pair 

-r'" 

toncal 

Retroperitoneal 

Fair 

-r — 

Xonc 

Fair 

+ -r 

Liver and rctroperi- 

Poor 

— — 

toneal 

Retroperitoneal 

Pair 

0 

Liver 

Fair 

-i.,— 

Retroperitoneal 

Fair 

00 

Retroperitoneal 

Poor 


Retroperitoneal, 

Bad 


ascites 

I>iver and rctroperi- 

Poor 

-r-T- 

toneal 

Retroperitoneal 

Fair 

— -r 


* Lost 75 pounds (34.2 Kg.) in last ten weeks. 


e believe that palliative operations are worth doing in spite of 
the high early mortality. As Abernethy said of malignant disease in 
general, “To forbear to operate is to consign the patient to hopeless 
misery.” 

Radical Operations . — Only on six patients (less than 11 per cent 
of those treated) was it possible to attempt radical operation (fig. 4). 
This small percentage is not due to our selection only of the easiest 
cases, for partial gastrectomy was attempted in every case in which 
it was thought the patient would survive. 

Moi falify of Partial Gastrectomy . — One of the six patients died soon : 
a second died, probably of metastasis to the lung, four and one-half 
months later, and four are still (April, 1932) living from seven to 
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thiitecn years after operation (fig. 7; table 3). A summary of the 
records in the cases in wliich gastrectomy^ was performed follows; 


Case 1. Benjamin E., aged 42, was admitted to the hospital on Aug, 2, 1919, 
and was discharged on October 20. He remained well for thitreen 3 'ears. Fol- 
lowing influenza in 1918, he had never been strong enough to work. His normal 
weight was 100 pounds (72.6 Kg.). In the three months before admission, it 
dropped from 144 to 125 pounds (65.3 to 56.7 Kg.). His chief complaint was 
weakness, loss of appetite and heaviness after eating, relieved by self-induced vom- 
iting. For two months before admission, he had symptoms of pyloric obstruction. 
Roentgen examination showed retention. 


Operation on August 8 (ether) disclosed a movable mass at the pylorus with 
enlarged Ij^mph nodes in the gastrohepatic and gastrocolic omenta. There was no 
metastasis to the liver. Partial gastrectomy (fig. 8) was performed.-® 

The patient gained 25 pounds (11.3 Kg.) in three months following operation. 
The present weight (1932) is about 157 pounds (71.2 Kg.) and the patient has 
no complaints. He works dailj^ as a clothing finisher. His appetite is normal, 
and he has no digestive disturbances except a tendency to constipation, relieved b) 
an occasional dose of laxative. The abdominal scar is firm. 


Laboratory examination showed a large callous ulcer involving nearly the 
entire circumference of the stomach. Histologic study revealed adenocarcinoma. 
The lymph nodes in the gastrohepatic and gastrocolic omenta showed carcinoma. 
(The patient was presented Oct. 28, 1925, at the meeting of the Clinical Congress 
of Surgeons in Philadelphia, clinic at the Episcopal Hospital.) 

Case 2. — Ernest M., aged 55 3 'ears, referred by Dr. H. A'l. Freas, was admitted 
to the hospital on Sept. 28, 1920, and discharged on October 23. He 
for twelve years. He gave a history of indigestion and belching for 
months ; vomiting for nine months, lately coffee-ground vomitus, and ^ a oss 
50 pounds (22.7 Kg.) in weight. Roentgen examination showed retention o 
fourth of the barium sulphate meal after six hours. A mass, probably 
was seen at the pylorus, with the crater of the original ulcer and a larger s 
rounding mass of carcinoma. 

Operation performed on October 1 (gas and 90 cc. ether) disclosed a mass 

‘ ’’-“rent to i**'- 

pancreas, causing hour-glass deformity. There was no metastasis to^ 


size of an ordinary apple in the prepyloric region of the stomach, 
pancreas, causing hour-glass deformity. There was no metastasis to i 
Partial gastrectomy (Poem’s) was performed; dissection of the stoniac i r 


Twelve year® 


pancreas was difficult. The patient made an uneventful recovery'. 

He gained 35 pounds (15.9 Kg.) within one year after operation. 
later, at the age of 67, his weight is normal (145 pounds [65.8 Kg.J) 
digestiv'e disturbances, but eats smaller meals and at shorter intervas^^^^ jrcsscr. 
operation. An occasional laxative is necessary'. He works daily as a o 

Laboratory examination showed chronic perforation of the stomach at 
curvature on the posterior wall. Independent and contiguous was ^ ([;e 

ulcer about 8 cm. in diameter, occupying the entire remaining uqIc; 

stomach. Histologic study' revealed colloid carcinoma of the stomac i. 
were made about the cut ends of the specimen. Gastrohepatic lymp no j,. 

carcinoma in the capsule, probably' from direct e.xtcnsion. The ymp 


28. Polya’s technic was used. Convalescence was delayed by a 
of the abdominal wound, attributed to the neglect of the operators to c 
gloves after completing the gastrectomy. The secondary suture o 
was done on Xovember 21. 




Fig. 8. — Adenocarcinoma of stomach in a man 42 years of age, with invasion 
of lymph nodes. The specimen (secured by partial gastrectomy in 1919) is shown 
'"tact above. In the lower cut the specimen has been opened along the lesser curva- 
ture, and the anterior wall of the stomach turned down, exposing ulcerated car- 
nnoma involving almost entire circumference of stomach. The patient (Benjamin 
■•) ^\as well over thirteen years after operation. (Courtesy of P. Blakiston’s 
bon & Company, Philadelphia.) 
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the gastrocolic omentum showed doubtful carcinoma. (The patient was presented 
Oct. 28, 1921, and Oct. 28, 1925, at meetings of the Clinical Congress of Surgeons 
m Philadelphia, clinic at the Episcopal Hospital.) 

Case 3.— Julia E., aged 65, was admitted to the hospital on Sept. 25, 1921, and 
died on September 29, forty-eight hours after operation. She complained of vomit- 
ing, nausea and loss in weight of 34 pounds (15.4 Kg.) during five or six months. 
Lately she had frequently vomited coffee-ground material. A roentgenogram was 
not taken. 

Operation on September 27 (gas) disclosed a tumor in the body of the stomach, 
from one curvature to the other, with enlarged lymph nodes in the gastroliepatic 
and gastrocolic omenta. No metastasis was found in the liver. Subtotal gas- 
trectomy (Poij'a’s) was performed. The patient had to be catheterized three 
times after operation, and had gastric lavage three times for vomiting. Death 
occurred forty-eight hours after operation from asthenia. Necropsy showed anas- 
tomosis intact and no peritonitis; metastasis in the right lobe of the liver was not 
disclosed at operation. 

Laboratory examination showed, on the lesser curvature, an ulcer 7 cm. in diame- 
ter, circular, with indurated raised walls; the cardiac section was only from 1.5 
to 2 cm. from the ulcer ; the pyloric section, 5 cm. from the ulcer. Histologic 
study showed medullary carcinoma. No notes were made on the cut ends of the 
specimen or on the lymph nodes. 

Case 4. — Mary T., aged 75 years, referred by Dr. R. S. Hooker, was admitted 
to the hospital on April 12, 1924, and was discharged on April 30. Death occurred 
four and one-half months after operation. For eight weeks preceding admission, 
she had epigastric pain, and for the past two or three weeks, vomiting. The normal 
weight was 145 pounds, but she lost 43 pounds (19.5 Kg.) in eight weeks. A 
roentgenogram showed retention of three fourths of the opaque meal after si.v 
hours, and a filling defect at the pylorus. 

Operation performed on April 5, 1924 (gas) disclosed a mass at the pylorus, 
but no metastasis to the liver. Partial gastrectomy (Polya’s) was done. TIic 
patient’s recovery was uneventful. 

The patient was comfortable till a few weeks before death (Aug. 27, 1924;, 
four and one-half months after operation, after an illness characterized by coug i 
and expectoration (probably pulmonary metastasis). No necropsy was performcf. 

The specimen measured 12 cm. on the lesser curvature and 15 cm. on > 
greater curvature; the duodenal end passed 2 or 3 cm. beyond the gross lesion, 
and the cardiac end, 5 or 6 cm. Histologic study revealed adenocarcinoma; 1>'"P ' 
nodes in both the gastrohepatic and gastrocolic omenta showed early carcinoma, 
the pyloric cut end of the specimen showed carcinoma; the cardiac cut end sliowc' 


no carcinoma. 

Case 5. — Harry W., aged GO, was admitted to the hospital on Jan. 7, 1925, ait' 
was discharged on March G. He was well for seven j'ears. The chief comp ai” 
was pain after eating for five months previous to admission, relieved by voinitm.- 
He had lost 23 pounds (10.4 Kg.) in weight. A roentgenogram showed relent^ 
of one sixth of the barium sulphate meal after six hours ; there was a filling ( e c 
in the prepyloric region, probably- from adhesions ; “if a carcinoma it was pro la ) 
small and operable.’’ ^ 

Operation performed on January 19 (gas) disclosed a freely movable 
the pylorus; there was no metastasis to the liver; enlarged lymph nodes vere 
in the gastrohepatic and gastrocolic omenta. Partial gastrectomy ^^ 7 ? 

done. Recovery was complicated by- persistent hiccup from Jan. 23 to , 

One stitch abscess developed. 
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The patient was in good health in April, 1932, seven years after operation. 

The operative specimen measured 11 cm. on the lesser curvature, and 16 cm. 
on the greater curvature. There was an annular carcinoma at the pylorus. The 
pyloric section passed 2 cm. distant from the gross lesion, but a record concerning 
the cardiac end was lost. Histologic examination showed adenocarcinoma. The 
cardiac cut end showed freedom from carcinoma. The gastrocolic omentum lymph 
nodes and one h-mph node from the gastrohepatic omentum showed carcinoma. 

C.\SE 6. — ^John D., aged 68 years, was admitted to the hospital on Feb. 10, 1925, 
and discharged on ^farch 16. He was well for seven years. For six months he 
had constant gnawing pain in the epigastrium, beginning one or two hours after 
meals, which was sometimes relieved by eating. Lately he had belching and small 
amounts of vomitus and lost 25 pounds (11.3 Kg.). .\ roentgenogram showed a 
filling defect at the pylorus, but no obstruction. 

Operation performed on February 11 (gas) disclosed a movable mass at the 
pylorus ; there was no metastasis to the liver ; the lymph nodes beneath the pylorus 
and in the gastrocolic omentum were enlarged. Partial gastrectomy (Polya’s) was 
performed, followed by an uneventful recovery. Seven years later, in April, 1932, 
the patient, then aged 75, was well, except for the feebleness of age. A roent- 
genogram (January, 1930) showed no carcinoma in the stomach; no obstruction 
at anastomosis, and a shadow in the lung suspected of being due to metastasis. 
Clinically, there were no symptoms or physical signs of a pulmonary lesion as late 
as April 15, 1932. 

The specimen measured 10.5 cm. on the lesser curvature, and 18.5 cm. on the 
greater. Histologic e.xamination showed adenocarcinoma ; both cardiac and pyloric 
cut ends of the specimen showed carcinoma.^^ 

Lymph nodes in both the gastrohepatic and gastrocolic omenta showed car- 
cinoma. 
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LYMPHATIC DRAINAGE OF JOINTS 


JOHX G. KUHXS, 

BOSTON’ 


Very little is known concerning the lymphatic drainage of joints, 
although much has been written about the lymphatics of the other 
serous cavities. In the textbooks on anatomy, and even in the larger 
atlases, one rarely finds mention of lymphatics in joint cavities. The 
normal physiolog}- of the h’mphatics draining joint cavities and the func- 
tional disturbances which they manifest in disease are understood even 
less cleaxly. Since the discovery of lymphatic vessels by Asellius in 
1622, many studies have been made to determine their presence and 
distribution in various parts of the body, but little has been learned of 
their function. The study of articular lymphatics was neglected until 
interest was aroused in the complex anatomy and physiolog}" of the 
joints. 

The study and dissection of the lymphatics by early investigators ^ 
led them to conclude that there were two channels of lymphatic drainage 
in the limbs, a deep and a superficial trunk. The superficial trunk in 
the lower extremity accompanied the great saphenous vein and was 
believed to drain all the tissues above the superficial muscular fascia, 
into the popliteal and inguinal lymph nodes. The deep trunk in the 
lower extremity followed the femoral vein and drained the tissues 
beneath the superficial fascia into the popliteal, deep femoral and iliac 
Ijunph nodes. In the upper extremity the superficial trunk followed the 
cephalic and basilic veins to the deep cubital nodes, to the lateral axil- 
lary and to the deep pectoral and infraclavicular nodes. The deep 
trunk followed the deep blood vessels to the deep cubital and axillarj" 
lymph nodes. Until recently it was believed that deep and superficial 
lymphatic systems had no intercommunication until they united along 
the femoral or external iliac vein in the lower extremity or in the axilla 
in the upper extremity. Baum,- however, in 1925 demonstrated lymphat- 
ics piercing the superficial muscular fascia in the horse, apparent!}' 
uniting the deep and superficial systems. Miller," in 1919, obsen’^ed 
hmphatics in the lung between the pleural and parenchymal systems 
uhich functioned as anastomoses in cases of obstruction. Previously, 

l^rom the Department of Orthopedic Surgery, Children’s Hospital. 

\V. ; Experimental Inquiries on the Lvmphatic Svstem, London, 
.1- Johnson, 1774. 

Baum, H.; Ztschr. f. Anat. u. Entwcklgsgesch. 77:266, 1925, 

.1. Miller, \V. S.: Am. Rev. Tuberc. 3:193. 1919. 
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these two systems in the lung had been considered wholly separate. 
The present conception seems to be that while intercommunications do 
exist between the deep and superficial lymphatic systems in the 
extremities, normally these systems function as separate entities. 

The first studies of the lymphatics were made by observing the 
absorption of fat through the lacteals of the intestinal tract after the 
feeding of fat to animals. A little later attempts were made to make 
injections directly into the lymphatics. Retrograde injections with 
metallic mercury were made after tying off the thoracic duct. By this 
method the larger trunks only were shown, since rupture of the 
lymphatic wall soon occurred under the pressure of the material injected. 
Teichmann,^ in 1861, was able to show only large lymphatic vessels in 
the lower extremity by retrograde injections of metallic mercury. Lee^ 
found that retrograde injections were possible for only a few centi- 
meters after ligation of the thoracic duct in cats. John Hunter ° was 
particularly skilful in this method, and man}^ of his specimens are still 
to be seen in the museum of the UniA^ersity of Glasgowo 

Direct injections into the lymphatics in the direction of the lymph 
flow have always been extremely difficult. The small lymphatic vessels 
could not be found readily and attempts at injection with colored solu- 
tions soon ruptured the thin lymphatic wall. Florey and Carleton 
have recently reported direct injections into the smaller l3unphatics of 
the diaphragm with a fine glass pipet. They found that rupture of the 
lymphatic capillary occurred at 2.5 cm. of water pressure. In attempts 
to make injections into the lymphatic vessels at their entrance to lymph 
nodes, I was able to obtain an injection for only a few inches before 
the lymphatic A'^essel ruptured. Under normal conditions, in retrogracc 
injections the lymphatic vessel wall ruptured before the valves within 
the lymphatic vessel became incompetent. 

These difficulties in the demonstration of lymphatic vessels by direct 
injection led to attempts to make injections into them indirectly, 
was found by Bowditch,® in 1873, that lymphatics could be traced fair ) 
well by injecting dyes mixed Avith turpentine directly into thin shcct.N 
of tissue. Gerota,® in 1896. Avith a similar method Avas able to trace 
lymphatics for a short distance by injections directly into the ti.ssne.s > 

4. Teichmann, L. : Elephantiasis of L 3 'mphatic Vessels, Krakow, 
Saugetier-sA'stem A'on anatomische Standpunkt, Leipzig, Wilhelm Engclmatin, 

5. Lee, F. C. : Bull. Johns Hopkins Hosp. 33:21, 1922. . ^ 

6. Hunter, J., quoted by Reichert, F. L. : The Regeneration of the Lj niplia 
Arch. Surg. 13:871 (Dec.) 1926. 

7. Florey, H.. and Carleton, H. M.: Brit. J. E.xper. Path. 8:479. PR/- ^ _ 

8. Bowditch, H. P. : The Lymph Spaces in Fascia : A Xew Melh i 
Investigation, Boston, D. Clapp & Son, 1873. 

9. Gerota, D. : .■\nat. .-\nz. 12:35 and 216. IS96. 
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animals immediately after death. With the technic described by Gerota, 
Hermann Baum has made an exhaustive study of the lymphatic S3'S- 
tem, particularly in cattle and horses. Injections of dyes directl}' into 
the tissues have been used in recent studies on the lymphatics 
Henderson/’- Hashiba/- Higgins/® Dewey and Noyes/^ Mouchet/® 
Brain/” Jossefoff/’ Horton and Rienhott.’” 

These methods, while giving a fairly satisfactory picture of the 
lymphatic distribution, have failed to show clearly the finest ramifica- 
tions. To correct this fault in the older methods, Magnus,®® in 1922 , 
devised a method for showing the finer lymphatics bj- the use of 
h3Mrogen dioxide. He found that when h3-drogen dioxide was brought 
in contact with living tissues the h'lnphatic vessels became filled with 
ox3-gen gas, owing to a catal3i;ic action of the 13'mph on the h3'drogen 
dioxide. To a slight extent the blood vessels also became dilated, but 
the investigators who have used this method, Rostock,®’ Stubel -- and 
Magnus,®® have found that this was a negligible factor, since the blood 
vessels could be easil3’ differentiated from the tymphatics. This method 
was found useful for small sections of tissue which were studied micro- 
scopically with either transmitted or reflected light. Recentl3% Brown,®* 
Fisher ®® and Rynearson ®” have studied lymphatics b3' using dilute solu- 
tions of colloidal silver. The colloidal silver in ver3' dilute solution was 
injected directly into a serous cavit3% from which it was taken up by 
macrophages and carried into the lymphatics. After several hours the 
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tissue lining the serous cavity was removed and studied microscopically 
by transmitted light. The lymphatic vessels were then seen as tiny, 
brown-filled channels coursing through the tissues. 

While methods of demonstration were still I'ather crude, a number 
of important findings were made in regard to the lymphatics of the 
joints and bones. Ludwig and Schvvagger-Seidel,^' about 1870, injected 
colored substances into joints, and reported the absence of lymphatics 
in the symovial membrane and the joint capsule. Budge,'® in 1873, 
working with cats, found a rich network of lynuphatics in the periosteum, 
substantia compacta and marrow cavity of bone, but he made no men- 
tion of lymphatics about the joints. The first demonstrations of 
lymphatic vessels in articular structures were made b)'^ Tillmans-® in 
1876. A solution of Berlin blue was injected into the knee joint of a clog 
that had just been killed, by a hole bored through the femoral condyle. 
By alternately flexing and extending the lower leg for one hour, he was 
able to show blue dye in the symovial membrane and in lynnphatic ves- 
sels almost to the middle of the thigh. Later, working with larger joints 
(horse and ox knee joints), he made injections directly into the synovial 
membrane. Here he found a deep and a superficial lay^er of lymphatic 
vessels, a dense plexus just beneath the serous coat of the synovial mem- 
brane and a smaller number of lymiphatic vessels near the bones oi 
ligaments to which the symovial membrane was attached. Magnus 
described a similar arrangement of lymphatic vessels in the capsules of 
joints. Lymiphatics in the symovial membrane were also demonstrated 
by'^ Baum after the direct injection of dy^es into the capsules of joints. 

EXPERIMENTAL DATA 

The study reported in this article was begun five ymars ago in an 
attempt to find out the nature of the joint lymiphatics in the lower 
extremity" and their drainage, and. then, any possible relationship o 
lymphatic drainage to arthritis. In the early part of this work inclia in 
in 10 per cent gelatin, prussian blue in 10 per cent gelatin and Gcrota. 
mixture of prussian blue in turpentine and ether were used. Injection- 
were made into the deep or the superficial tissues of the lower e-xtrcnn^ 
ties soon after the death of animals that had been used for other lines o 
research ; dogs, cats, rabbits and guinea-pigs were used. When (he 
tion mass was injected into the subcutaneous tissues, it could be 
along the superficial blood vessels to the popliteal, inguinal aiu i '■ 

27. Ludwig and Schwagger-Scidcl, quoted by Sebdanow, D. A., .tn.il. 
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28. Budge. : Arcb. f. mikr. Anat. 13:87. 1877. 
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31. Baum. H. : Deutsche Ztschr. f. Chir. 195:241. 1927. 
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lymph nodes. \\'hen the injection was made under the deep muscular 
fascia, the substance could be traced in the lower leg to the popliteal and 
lumbar l3miph nodes, but it was never found in the inguinal nodes. 
Attempts were made to show lymphatic drainage by the x-rays. Dilute 
suspensions of barium (Hill"-) and brominized lard oil (Putnam®®) 
were used. Although in these experiments deposition of the injected 
material was shown in a few of the lymph nodes on microscopic exami- 
nation, the lymphatic vessels could not be demonstrated in x-ray films. 

These aforementioned methods were of necessity crude. The dye 
was forced into tissue spaces, and the trauma ma)" have ruptured a 
number of the smaller hanphatics into which the injected mass then 
passed, although the recent work of Drinker and Field offers another 
explanation which will be considered later. Such injections into tissues 
or articular cavities of dead animals did not give satisfactory demonstra- 
tions of the lymphatics. The anatomists who have used this method 
obtained an adequate portra)'al of the lymphatics onh' b}’ studying a 
ver}’- large number of specimens, each of which showed some one phase, 
from which a composite picture of the drainage was secured. 

After these preliminary attempts to gain familiarity with the methods 
and technic, injections of india ink were made directly into the joints 
of living animals. Young adult animals were used. Light ether 
anesthesia was given in order to prer-ent extra-casation of the ink into 
periarticular structures, a common error, if the animal moved while the 
injection was being given. Injections of india ink into the tibio- 
astragalar joint were made in six rabbits. The lymphatic drainage was 
traced through the so-called deep system to the popliteal and to the 
external and common iliac lymph nodes. 

Rabbit 1. — -Light ether anesthesia was given. The hair was shaved about the 
right ankle, and the skin was painted with 3 per cent iodine. The usual aseptic 
technic was followed. With a 25 gage needle, 0.25 cc. of india ink (diluted with 
an equal volume of distilled water) was injected into the right ankle joint on its 
anterolateral aspect. The animal was killed with chloroform five days later. 
There was no extravasation of ink in the subcutaneous tissues about the ankle. 
The ankle joint was deeplj- stained with ink. One lymphatic vessel was traceable 
along the posterior tibial vein almost to the middle of the tibia. The popliteal 
lymph node was stained a deep black from the india ink; no staining was 
observable in the inguinal lymph nodes. The lymph nodes along the common 
iliac and external iliac vessels were moderately stained with india ink. Xo b'mph 
nodes along the inferior vena cava, beneath the diaphragm or in the mediastinal 
cavity showed any deposition of ink. Sections were taken from the capsule of the 
joint and from the lymph nodes mentioned for microscopic study. 

32. Hill, E. C.: Bull. Johns Hopkins Hosp. 35:218, 1921. 

3o. Putnam, T. J. : Some Brominized Oils for Radiographic Use, J. A. M. A. 
87:1102 (Oct. 2) 1926. 

34. Drinker, C. K., and Field, lif. E. : Am. J. Physiol. 97:32, 1931. 
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^ Rabbit 2. This animal was discarded because of marked extravasation of india 
ink into the subcutaneous tissues. There was moderate staining of the popliteal, 
inguinal and iliac lymph nodes. 

Rabbit 3.~The technic was the same as for rabbit 1 ; 0.25 cc. of india ink 
was injected into the left ankle joint. The animal was killed in four days. There 
was no extravasation about the ankle joint. The ankle joint cavity was stained 
a deep black. No lymphatic vessels were seen about the ankle joint The popliteal 
ymph Jiode w^s deeply stained by the india ink. There was no visible absorption 
of ink in the inguinal nodes. There was a moderate amount of india ink in the 
iliac lymph nodes. Sections were taken from the capsule of the joint. The 
popliteal, inguinal and common iliac li’mph nodes were removed for further 
study. 


Rabbit 4. — The technic was the same as for rabbit 1 ; 0.25 cc. of india ink ^vas 
injected into the left ankle joint. The rabbit was killed five days after the 
injection. There was slight extravasation of india ink about the ankle joint. A 
small lymphatic vessel could be traced from the fibular side of the left ankle 
joint to the middle of the calf. The popliteal lymph node was deeply stained. 
There was no evidence of absorption of india ink in the inguinal lymph nodes. 
There was a moderate absorption of india ink in the external iliac and in the 
common liac lymph nodes. Tissue was taken from the capsule of the joint and 
from the popliteal, inguinal, iliac and subdiaphragmatic lymph nodes for histologic 
study. 


Rabbit S. — The technic was the same as for rabbit 1 ; 0.25 cc. of india ink 
was injected into the right ankle joint. The rabbit was killed three days after the 
injection. No extravasation was seen about the ankle joint. Some ink found 
in the posterior compartment of the joint. The popliteal Ij'mph node was black 
with india ink. One small lymphatic vessel could be traced downward for about 
one-half inch (1.27 cm.) from the popliteal lymph node. The inguinal lympb 
nodes showed no absorption of india ink. There was a slight amount of india 
ink in the iliac lymph nodes. There was no evidence of absorption in the more 
proximal lymph nodes. Sections were taken from the capsule of the joint and from 
the popliteal, inguinal, iliac, epigastric and mediastinal lymph nodes or 
microscopic study. 

Rabbit 6. — The same technic was used as for rabbit 1 ; 0.25 cc. of india ink 
was injected into the right ankle joint. The animal was killed four days later. 
There was no extravasation of the india ink. Much ink was seen in the posterior 
part of the ankle joint. The popliteal lymph nodes were much blackened rom 
the india ink. No lymphatic vessels were seen. The inguinal lymph no 
showed no evidence of absorption of ink. A moderate amount of ink vas sec 
in the common iliac lymph nodes. There was no evidence of absorption 
more pro.ximal ly^mph nodes. Tissue was taken from the capsule of the JO" 
and from the popliteal, inguinal and commom iliac lymph nodes for stm)- 


After injections into the ankle joints no limitation of motion 
noticed in any of the animals after the first day. lliere was 
a rapid absorption of the ink from the articular cavity. 1 he 
found in largest amount about the posterior margin of the ankle jo'o 
This space is less constricted by overlying tendons, which, 
play the chief role in moving intra-articular substances to various 
of the ankle joint. As a rule, the particles of ink were scattcrce tam. 
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uniformly throughout the subserous synovial tissues in the microscopic 
sections. Phagoc 3 ’tic cells loaded with particulate matter were seen in 
one section in a lympliatic capillary. No phagocytosis by cells lining 
the synovial cavity was observed. In some cases there was a slight 
polymorphonuclear infiltration of the synovial tissues. There was occa- 
sional, scattered, lymphocytic infiltration about the blood vessels and in 
the tissues when the animals lived more than several days (fig. 1). 

The popliteal lymph nodes showed many of the hunph sinuses 
packed with phagoc^’tic cells filled with india ink. There was a tendency 
for the particulate matter to become concentrated in the germinal center 
of the lymph node. This became more marked the longer the animal 
was permitted to live. There were some free particles in the lymph 
spaces, apparent!}" from the cells that had disintegrated. The lymph 
nodes did not suggest any evidence of inflammation or venous conges- 
tion. None of the inguinal lymph nodes showed any absorption of the 
india ink. The external and common iliac lymph nodes showed only 
scattered groups of phagoc}’tic cells filled with ink. The amount that 
they contained was always greater in the animals living a longer number 
of days after injection. No absorption of india ink was found in any 
lymph nodes above the bifurcation of the aorta. The other tissues com- 
prising the reticulo-endothelial system, such as the liver, spleen and 
bone marro^Y, were not studied. Key and others have found dyes in 
the liver, spleen and bone marrow after injection into articular cavities. 

In order to determine whether there would be any alteration in the 
lymphatic drainage, the popliteal lymph nodes, the chief draining reser- 
voir of the ankle joint, were removed from two rabbits. 

Rabbit 1. — Ether anesthesia was given, with the usual aseptic technic. 
Through a tnidline incision in the popliteal space, the popliteal lymph nodes on 
the right side were removed. The skin and superficial tissues were closed with silk 
sutures; 0.25 cc. of india ink was then injected into the right ankle joint. The 
animal was killed four days later. Dissection showed that all lymph nodes had 
been removed from the popliteal space. The ankle joint showed no extravasation 
of the ink. The capsule of the joint was deeply stained, and there was a large 
amount of the ink in the posterior part of the ankle joint. There ^\'as no 
absorption of ink in the inguinal lymph nodes. The common iliac lymph nodes 
uere deeply stained with ink. There was no evidence of absorption of the ink 
in any more proximal Ij'mph nodes. Sections of the capsule of the joint and of 
the inguinal and iliac lymph nodes were removed for microscopic study, which 
confirmed the macroscopic findings. There was no ink in the microscopic section 
o the inguinal lymph nodes. There was a large amount of ink in the sections 
rom the external and common iliac lymph nodes. 

Rabbit 2. The technic was the same as for rabbit 1. The left popliteal 
>mph nodes were removed. This was followed by the injection of 0.25 cc. of 
m into the left ankle joint. Three days later the animal was killed. There was 

33. Key, J. A.: J, Bone & Joint Surg. 8:666, 1926. 
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Such experimental remoA’al of lymph nodes is of doubtful value. 
Krause observed the growth of lymphatics in newly formed tissue, in 
1863. Sabin,"' in 1916, reported that lymphatics regenerate slowly from 
their endothelial walls after injury. Reichert,"® in 1926, showed in dogs 
that the superficial lymphatics regenerated in about four da)^s and the 
deep lymphatics in eight days. Wocksmuth,®” Baum and Meyer 
found, after the extirpation of lymph nodes, that the tymphatic drainage 
through the area Avas reestablished, although no regeneration of the 
lymph nodes occurred. In the animals used in this study, when the 
popliteal nodes were removed, the drainage passed on to the external 
iliac lymph nodes, the next proximal lymph nodes of the deep S 3 'Stem in 
the rabbit draining the ankle joint. In such cases the iliac l 3 auph nodes 
were as deepl 3 ' stained by the India ink as the popliteal tymph nodes had 
been in the previous series of rabbits. Reports have appeared in the 
literature (Hirsch and Cadenaf*®), in which removal or fibroses of 
lymph nodes led to elephantiasis or swelling of the extremit 3 ^'‘^ Hoav- 
eA-er, as Halsted^" shoAA-ed in elephantiasis of the arm, Homans and 
Zollinger in phlegmasia alba dolens and Davis in genital elephantia- 
sis, an associated phlebitis Avas necessary to produce the condition. 

In six rabbits injections of india ink Avere made directly into the 
knee joint. In these animals the 13 'mphatic drainage Avas forced through 
the so-called deep system to the external and common iliac lymph nodes 
(%■ 2). 

Rabbit 1. — Ether anesthesia A\-as used. The hair over the right knee was 
shaA'ed, and the skin Avas painted with alcohol and iodine. The usual aseptic 
technic was folloAved; 0.4 cc. of india ink Avas injected into the right knee joint. 
Four days later the animal was killed. There was deep staining of the synOA'ial 
membrane. There was no evidence of absorption into the popliteal lymph node. 
The inguinal lymph nodes showed no evidence of the ink. The external and 
common iliac lymph nodes were deeply stained, A lymphatic vessel could be 
traced from the joint through Hunter’s canal almost to the middle of the thigh. 
Xo lymph nodes above the common iliac lymph nodes showed any absorption of 
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in synovial nn'inkrane, with .some in lympiialic vessed.s; reduced fiom A > 
external iliac lymph jK)d<.', sliowin/>: absorjjtion of India ink; redtieu 
G, popliteal lymph node, which .show;; no ahsorplion of India me, a 
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nolice.ahli- distiirh.'ince of fimetifm. 'I’lie animal was killed three day.s 
extrav;i‘'ation was seen ahont the knee joint, 'i here was no evi< elite o 
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in the popliteal lymph nodes or the inguinal lymph nodes. No lymphatic vessels 
were seen. The external and common iliac lymph nodes were deeply stained with 
ink. Sections were taken from the joint and from the popliteal, inguinal and 
common iliac lymph nodes for study. 

Rabbit 3. — The technic was the same as for rabbit 1 ; 0.4 cc. of india ink \vas 
injected into the left knee joint. There was slight swelling of the knee joint, 
which passed off in four days. There was no apparent disturbance of function. 
The animal was killed three days later. There was no extravasation about the 
joint. The cavity of the joint wms stained throughout with india ink. Much 
india ink still remained in the joint, partly enmeshed in fibrin. The ink was in 
greatest amouvit in the quadriceps pouches. There was no evidence of absorption 
of ink in the popliteal lymph node. Two lymphatic vessels were seen on the 
surface of the capsule of the joint on the outer side of knee, but these could not 
be traced farther. The inguinal lymph nodes showed no ink. The external and 
common iliac lymph nodes were moderately stained with ink. No ink was 
observed in any more proximal lymph nodes. Sections were taken from the 
articular capsule and from the popliteal and common iliac Ij’mph nodes for study. 

Rabbit 4. — The same technic was used as for rabbit 1 ; 0.4 cc. of india ink was 
injected into the right knee joint. There was swelling of the right knee, which 
was still present when the animal was killed in four days. There was a slight 
increase in the fluid in the right knee joint. There was slight extravasation of 
ink on the outer side of the joint. A moderate amount of india ink remained 
in the knee joint, chiefly in the quadriceps pouches. One lymphatic vessel could 
be seen going from the posterior aspect of the joint capsule into Hunter’s canal. 
The popliteal lymph nodes showed a little absorption of ink. The external and 
common iliac lymph nodes showed a moderate absorption of ink. No more 
proximal lymph nodes showed absorption of ink. Sections were taken from the 
capsule of the joint and from the popliteal, inguinal and iliac lymph nodes for study. 

Rabbit 5. — The technic was the same as for rabbit 1 : 0.4 cc. of india ink was 
injected into the left knee joint. There was a slight swelling of the joint, which 
lasted for three days. There was no apparent disturbance in function. The animal 
was killed seven days later. No extravasation of ink was seen about the joint. The 
knee joint contained a moderate amount of ink, chiefly in the quadriceps pouches. 
No lymphatic vessels were seen. There was no evidence of absorption of ink in 
the popliteal ' lymph nodes or the inguinal lymph nodes. There was a moderate 
amount of india ink in the external iliac lymph nodes. No ink was found in any 
more proximal lymph nodes. Sections were taken from the capsule of the joint 
and from the popliteal, inguinal and external iliac lymph nodes for study. 

Rabbit 6. — The technic was the same as for rabbit 1 ; 0.4 cc. of india ink was 
miected into the right knee joint. There was a little swelling of the knee joint, 
which subsided in two days. There was no observable disturbance in function. 

le rabbit was killed six days later. There was a very slight extravasation into 
t le tissues on the outer side of the knee. The popliteal lymph nodes showed no 
CM ence of absorption of ink. No lymphatic vessels were seen. There was no 
oVinh'^'^ india ink in the inguinal lymph nodes. There was a large amount 
ni m the external and common iliac lymph nodes. No absorption was seen in 
i> more proximal Ij’mph nodes. Sections were taken from the articular capsule 
rom the popliteal, inguinal and external iliac nodes for study. 

cold ? animals the drainage of the india ink through the l3miphatics 
t e traced to the external iliac and to the common iliac lymph 
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nodes (fig. 2). No ink ^Yas found in any instance in the inguinal 
1} inph nodes. India ink was found in the popliteal lymph nodes only 
N\hcn there was c.\tensivc extravasation. Occasionally lyanphatic ves- 
sels were seen going from tlie joint capsule along the geniculate arteries 
and veins into Hunter’s canal. In the articular capsule the India ink 
was found chieflv on the epithelial surface of the symovial membrane, 
partly enmeshed in fiirrin. Occasional lym))h vessels filled with ink-con- 
taining phagocytes were seen. Fewer phagocytic cells and ink particles, 
as well as lymphatic vessels, were seen in the depth of the synovial 
tissues as one approached tlieir bony or ligamentous attachments. The 
ink was seen in the lymph nodes in similar arrangement to that 
described for the ankle joint (fig. 2). 

In five rabbits, injections of india ink were made directly into the 
cavity of the hip joint. 

Rabbit 1, — Ether aiiesthc.sia was used. The hair was shaved from the right 
groin, and the area painted with alcohol and with 3 per cent iodine. With a 25 
gage needle, 0.25 cc. of india ink was injected into the hip joint just external to 
the femoral arter}’ after the location of the femoral head had been palpated. A 
moderate amount of limitation in motion of the hip joint was observed for about 
two days. The rabbit was killed four days later. There was slight extravasation 
into the muscles. A small amount of india ink was seen in the hip joint along 
the side of the femoral neck. No lymphatic vessels were seen. There was no 
evidence of ink in the inguinal lymph nodes. The common iliac lymph nodes 
were moderately stained with ink. No ink was observed in any more proximal 
lymph nodes. Sections were taken from the capsule of the joint and from the 
inguinal and common iliac lymph nodes for study. 

Rabbit 2. — The technic was the same as for rabbit 1 ; 0.25 cc. of india ink uas 
injected into the right hip joint. No disturbance in the use of the hip joint was 
seen. The animal was killed six days later. There was slight extravasation o 
ink in the deep muscles anterior to the hip joint. No lymphatic vessels were 
seen. No absorption of ink was seen in the inguinal lymph nodes. There was 
moderate amount of deposition of ink in the external and common iliac ymp 
nodes. No ink was seen in any more proximal lymph nodes. Sections were 
taken from the capsule of the joint and from the inguinal and iliac lymph no es 
for microscopic study. 

Rabbit 3. — The technic was the same as for rabbit 1 ; 0.25 cc. of india ink ^ 
injected into the right hip joint. No disturbance in the use of the 
was seen. The animal was killed six days later. Slight extravasation of m ' 
seen in the deep muscles anterior to the hip joint. No lymphatic vessels ^ 

No absorption of ink was seen in the inguinal lymph nodes. There was a m 
amount of deposition of ink in the external and common iliac lymph 
Sections were taken from the capsule of the joint and from the inguina 
iliac lymph nodes for study. 

Rabbit 4 . — Paraldehyde anesthesia was used. The right gluteal region J 
shaved and painted with alcohol and iodine. Through the posterior 
the hip joint described by Ober,^r the capsule of the hip joint was exp 

47. Ober, F. R. : Posterior Anthrotomy' of the Hip Joint, J. A. AI. A. S3. 

(Nov. 8) 1924. 
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Twenty-five hundredths cubic centimeter of India ink was injected into the hip joint. 
The limitation in the use of the hip joint had not disappeared in five days, when the 
animal was killed. There was very slight extravasation of ink into the subgluteal 
fat. A few h-mphatic vessels were seen on the posterior aspect of the joint 
capsule, but they could not be traced farther. No ink was seen in the inguinal 
lymph nodes. There was moderate staining of the e.xternal and common iliac 
lymph nodes. No more pro.ximal lymph nodes showed any absorption of ink. 
Sections were taken from the common iliac and the inguinal lymph nodes and 
from the articular capsule for study. 

R-vbbit 5. — Paraldehyde anesthesia was given. The technic was the same as 
for rabbit 4; 0.25 cc. of India ink was injected into the hip joint posteriorly. 
There was marked limitation of motion in the joint, but no definite swelling could 
be palpated. The animal was killed in four days. There was slight e.xtravasation 
of the ink outside of the capsule of the joint. No lymphatic vessels were seen. 
There was no india ink in the inguinal lymph nodes. There was a moderate 
amount of ink in the external and common iliac lymph nodes. No ink was found 
in any more proximal lymph nodes. Tissue was removed from the joint capsule 
and from the inguinal and the common iliac Ivmph nodes for microscopic study 
(fig. 3). 

These experiments showed that the lymphatic absorption from the 
hip joint in the rabbit was through the so-called deep system to the iliac 
lymph nodes. In no case was there any absorption into the inguinal 
lymph nodes. The microscopic study of tissue showed the same manner 
of absorption of india ink as was seen for the knee and ankle joints. 
The hip joint being so deeply placed and covered by muscles, the 
slight extravasation that invariably occurred on injection did not lead 
to any absorption of india ink b}' the superficial lymph channels. 

A number of clinical obserr^ations have been recorded, and I have 
obserr^ed a swelling of the superficial inguinal glands in inflammation of 
the joints of the lower extremity. Usuall}" such swelling was bilateral, 
and frequently epitrochlear, axillary and cervical lymph nodes were 
palpable at the same time. As possible explanations for this, extension 
of the inflammation to superficial tissues or an involvement of the 
lymph nodes through a generalized infection of the blood stream has 
been suggested. Both these experiments and the work of others on the 
human cadaver have offered no other explanation. 

^^^■lile this work was in progress, several observations on lymphatic 
drainage of joints appeared in the literature. Baum,^® in 1927, reported 
lymphatics in the sjmovial membrane of dogs after the direct injection 
of d 3 'es. In the foreleg of the horse he traced the tymphatic drainage 
from the carpal joints to the cubital (epitrochlear) and cervical lymph 
nodes ; from the elliow joint, h’mphatic drainage was traced to the 
cubital and axillar}- nodes, and from the shoulder joint, the lymphatic 

48. Raum. H.; Ztschr. f. d. ges. Anat. fAbt. D 84:192, 1927. 
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drainage was followed lo the axillary, posterior cervical and superficial 
cervical lyinpli nodes. At almost the same time Kolodny described 
the lymphatic drainage of the long bones of the lower extremity after 
the injection of india ink into dogs. He found that the lymphatic 
drainage from the bones was entirely^ through the so-called deep system, 
to the deep femoral and iliac lymph nodes. In 1929, Smith and 
Campbell,"" using berlin blue, a soluble dye, found that the lymphatics 
were not filled until intra-articular pressure was so great that the joint 
became greatly distended. They' were able to trace lymphatics into 
Hunter’s canal. During the same year, Oschkaderow studied the 
lyunphatics in the interphalangeal joints in cadavers. In these joints 
he found from three to five lymphatic vessels which joined larger 
lymphatics along the digital arteries. These lymphatics had no relation- 
ship with the fascial spaces of the hand. 

Schdanow has recently' described the lymphatic drainage of the 
tarsal, knee and hip joint as observed in the cadavers of stillborn babies. 
In the tarsal joints he observed lyanphatic drainage along the peroneal 
and anterior tibial vessels to the popliteal lymph node. He did not trace 
this drainage farther. He found a very complex lymphatic system 
draining the cavity of the knee joint. The lymphatic radicals were 
traced along the geniculate vessels into Hunter’s canal. He found slight 
drainage into the popliteal lyunph nodes from the posterior and inferior 
portions of the capsule of the joint. The chief lymphatic absorption, 
however, was to the deep femoral and iliac lymph nodes. From the 
cavity of the hip joint he was able to trace lymphatic drainage to the 
deep femoral and iliac lymph nodes. He observed several very small 
lymph nodes along the gluteal arteries. 

The findings of these investigators were similar to those I found m 
the rabbit. The lymphatic drainage of joints was found to be throng i 
the so-called deep system to the lymph nodes draining this deep system 
Job,°^ as well as other students of comparative anatomy', has shown that 
as a rule the larger and more highly developed animals have more 
nodes, man having supposedly the greatest number and distribution, 
dogs and in man there are femoral nodes draining the deep 
apparently' not connected with the inguinal group of lymph nodes. ’ 
rabbit does not have deep femoral lymph nodes. 

49. Kolodny, A,; The Relation of the Bone Marrow to the Lj'mphatic 

Its Role in the Spreading of Carcinomatous Metastases Throughout the S 'c c 
Arch. Surg. 11:690 (Nov.) 1925. ^ 

50. Smith, M., and Campbell, J. R. : Proc. Soc. Exper. Biol. & Ivied. 2G. 

1929. 

51. Oschkaderow, W. T. : Anat. Anz. 66:377, 1929. 

52. Schdanow, D. A.; Anat. Anz. 69:194, 1930. 

53. Job, T. T.: Am. J. Anat. 31:125, 1922. 
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An attempt teas then made to 

lymphatic drainage by '“"5’ demonstrable, 

ties. Tubercle bacilli were cbosen as oeing 




Fig. 3 (rabbit s).—A, india ink in the dense 

femur ; reduced from X 88. B, inguinal lymp i lymph node, showing a 

Ivmphoid follicles but no ink absorption. C, comm tViere is a large mass 

moderate amount of india ink. -^t the left of the lymph node there 
of ink-containing phagocytes in the afferent Ump a ic le 


Inieclions of a freshly autoclaved emulsion of human tubercle bacillus 
(strain H 37) were made into the knee joints of four ra 
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IvMiiUT 1. -Ltlicr :mestlic.sin was used. Tlie skin over tlic right knee was 
sli.ned and i)ainted witli alcohol and iodine; 0.3 cc. of an emulsion of human 
tubercle bacilli (strain H 37), frcsbl}' prepared and autoclaved, ivas injected info 
tbe I igbt knee joint. I here was a little swelling of tbe knee joint, which had 
almost subsided when the animal was killed three days later. There was no 
increase in joint fluid. No tubercle bacilli were found in smears from the joint 
fluid. Sections were taken from the capsule of tbe joint and from the common 
iliac lymph nodes for microscoi)ic study. 


RAtiiiiT 2. — J be technic was the same as for rabbit 1 ; 0.3 cc. of a freshly 
prepared and autoclaved emulsion of human tubercle bacilli was injected into the 
left knee joint. 1 here were slight swelling and limitation of motion in the knee 
joint, which disappeared in three days. The animal was killed five days later. 
There was a slight increase in the joint fluid. No tubercle bacilli were found 
in smears from the joint fluid. Sections were taken from the capsule of the joint 
and from the external iliac lymph nodes for study. 


RAiiniT 3. — The technic was the same as for rabbit 1 ; 0.3 cc. of a freshly 
prepared, autoclaved emulsion of human tubercle bacilli was injected into the left 
knee joint. There were slight swelling in the knee joint and slight stiffness, whicli 
disappeared in two days. The animal was killed eight days later. No tubercle 
bacilli were found in smears from the synovial fluid. Sections were taken from 
the capsule of the joint and from the common iliac lymph nodes for microscopic 
study. 


Rabbit 4. — The technic was the same as for rabbit 1 ; 0,3 cc. of a freslny 
prepared, autoclaved emulsion of human tubercle bacilli was injected into the 
right knee joint. There was slight swelling of tbe joint, wdiicb disappeared m 
three days. There was no obvious disturbance in joint function. The ra d 
was killed two weeks later. There was no excess fluid in the joint. No tuberce 
bacilli were found in smears from the joint fluid. Sections were taken from t '£ 
articular capsule and from the common iliac lymph nodes for microscopic stiuj. 


It was sujjposed that bacilli would be removed from the joints in tie 
same manner as insoluble particles, particularly if the bacteria did not 
arouse a Auolent inflammatory reaction. Numerous workers, nsni& 
guinea-pigs, had recovered tubercle bacilli from the regional Ijdupi 
nodes after the injection of tuberculous material. Tubercle bacilli fonne 
in tuberculous glands of the neck were traced in some cases to ta 
culous tonsils. Herring and MacNaughton,-’’'^ from their studies o'J 
lymphatics, came to the conclusion that both particulate mattci aiK^ 
tubercle bacilli were removed in the same manner by the lyinplmtics 
the human lung. Consequently, it was surprising to find no tii c'^ 
bacilli in the articular capsule and in the external and common i '• ^ 
lymph nodes in any of the rabbits given injections. Microscojnc . 
tions examined by several pathologists showed no tubercle baci 
earl}'’ tubercle formation (fig. 4). In sections from the right 
iliac lymph node in rabbit 4, there was a moderate area of 
However, it could not be determined whether this was due to the m> 


54. Herring, P. T., and jMacNaugbton, F. G. ; Lancet ItlOSl, 1922. 
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^ (rabbit 4). — A, synovial villus and cartilage. There is no evidence of 
u ercu ous disease or of inflammation ; X 78. B, common iliac Ivmph node, no 
tuberculosis; X 90. . y > 
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rial injected. Because no bacilli were found in the joint tissues or 
lymphatic system, it was thought that the bovine type of bacilli might 
gi^■e better results, since rabbits are supposed to be relatively resistant 
to human tubercle bacilli. y\gain. the autoclaving might have made it 
possible for the joint and tissue fluids to bring about a more rapid dis- 
integration of the tubercle bacilli. 

Consequentl}’, an emulsion of a rapidly growing colony of bovine 
tubercle bacilli, smears of which showed as maii}^ as 20 bacilli per oil 
immersion field, was injected into the knee joints of two rabbits. This 
emulsion was not autoclaved. 


Raubit 1. — The technic was tlic same as for the rabbits of the previous series: 
0.3 cc. of a freshly prepared emulsion of living bovine tubercle bacilli was 
injected into the right knee joint. There were slight swelling and stiffness, which 
had not subsided when the animal was killed three days later. There was a 
little increase in joint fluid. Smears from the joint showed no tubercle bacilli. 
Sections were taken from the joint capsule and from the right common iliac lymph 
node for study. 

Rabbit 2. — The technic was the same as for rabbit 1 ; 0.3 cc. of a freshl) 
prepared emulsion of living bovine tubercle bacilli was injected into the right 
knee joint. There was slight swelling, which subsided in two days, but no obvious 
disturbance of function. The rabbit was killed two w'eeks later. There was no 
increase in joint fluid. The joint had the usual macroscopic appearance, i o 
tubercle bacilli were found in the joint fluid. Sections were taken from the joint 
capsule and from the right common iliac lymph node for microscopic study. 


Again, no tubercle bacilli were found either in the articular capsule 
or in the common iliac lymph nodes. Nor did the capsule of the joint 
or the lymph nodes show any evidence of a tuberculous infection. The 
tubercle bacilli that had been injected had disappeared in some inexph 
cable manner. It was decided to repeat the work. This time the bovine 
tubercle bacilli were stained in vitro by the Ziehl-Neelsen metho , 
washed, centrifugated and taken up again in salt solution before 
tion. Samples of the suspension showed as many as 10 tubercle aci 
per oil immersion field. This emulsion was injected into the ankle join 
in two rabbits and into the knee joint in two rabbits. 


Rabbit 1. — The usual aseptic technic was used; 0.25 cc. of the eniulsioii 
bovine tubercle bacilli which had been stained in vitro was injected into t e 
ankle joint. The animal was killed four days later. Examination 
joint showed a slight increase in fluid, but no evidence of the injecte 
Tissue from the articular capsule and from the right external iliac lympi 
vras removed for microscopic study. 

Rabbit 2. — The technic was the same as for rabbit 1; 0.25 cc. of ^ 

of stained bovine tubercle bacilli was injected into the left ankle joint. 
slight swelling, which disappeared in three days, no local reaction jjjj. 

The animal was killed eight days later. No bacilli were seen in smears r^ 
joint fluid. Tissue was removed from the joint capsule and from 
lymph nodes for histologic examination. 
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Rabbit 3. — The technic was the same as for rabbit 1 ; 0.5 cc. of an emulsion 
of stained tubercle bacilli was injected into the left knee joint. There was slight 
swelling in the joint for three days, but no other joint reaction. The animal was 
killed eight days later. There was no evidence of tubercle bacilli in the joint. 
Sections of the articular capsule and the common iliac lymph nodes were removed 
for microscopic study. 

Rabbit 4. — The technic was the same as for rabbit 1 ; 0.5 cc. of an emulsion of 
stained bovine tubercle bacilli was injected into the left knee joint. There was 
slight swelling of the knee, which disappeared in three days. The animal was 
killed two weeks later. The knee joint showed a slight infiammatorj- reaction. 
There was no evidence of tubercle bacilli in the joint fluid. Sections were taken 
from the joint capsule and from the iliac lymph nodes for microscopic study. 

It was thought that the lymphatic absorption of bacilli described by 
^^'illis,"= j\Iiller “ and Herring and ^lacXaughton might be observed 
better by first staining the tubercle bacilli in vitro by the Ziehl-X'eelsen 
method. This technic had been used by a number of investigators 
working with tuberculosis. Cultures of bovine bacilli grown on 
Petroff's medium were scraped into a sterile mortar, and an emulsion 
was made in physiologic solution of sodium chloride. Counts from the 
emulsion showed from 5 to 50 bacilli in a field. This emulsion was then 
stained in vitro by the Ziehl-Neelsen method. These emulsions were 
freshly prepared and injected while fresh. The animals were killed at 
varjdng intervals to see whether a prolonged period was necessarj' for 
bacillary absorption. In all of these sections, as in the previous experi- 
ments with tubercle bacilli, no bacteria were seen, nor did the tissue 
show evidence of tuberculous infection. In the rabbit, at least, it seemed 
that other factors were involved which made the absorption of the 
tubercle bacilli from joint cavities a different matter from the absorp- 
tion of inorganic particulate matter. 

Since lymphatic absorption of bacteria in massive doses had been 
observ^ed from other serous cavities b)' a number of investigators, it was 
thought that repeated doses of tubercle bacilli might make possible the 
demonstration of the absorption of bacilli in the h^mph nodes. Repeated 
injections might either stimulate more efficient absorption or break 
down an}' protective mechanism, if such existed, against bacillar}' 
absorption. A fresh emulsion of a relatively avirulent strain of human 
tubercle bacilli in physiologic solution of sodium chloride was used. 
Four rabbits were given injections at var}'ing intervals. 

Rabbit 1. — Ether anesthesia was used. The hair was shaved over the right 
■nee joint. With the usual aseptic technic, 0.25 cc. of the fresh human tubercle 
lacilli emulsion was injected into the right knee joint. There was practically no 
reaction. The knee was not appreciably swollen. Two days later, and at intervals 
o two days, the injection of tubercle bacilli was repeated until four injections had 
cen given, .‘\fter the second injection the knee became markedly swollen, warm 

Willis, H. S.: Am. Rev. Tuberc. 11:427. 1925. 
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.inci limitcci in motion. Swelling pcnsistccl unchanged until the animal was killed 
two days after tlie last injection. The knee contained a large amount of sero- 
purulcnt fluid, wliicli sliowcd a number of tubercle bacilli in smears. The 
cartilage was a dull brownish gray; the articular capsule was thickened and 
injected. Smears from the common iliac lymph nodes, ■which were moderately 
enlarged, showed tubercle bacilli. Tissue was removed from the knee joint and 
from the common iliac nodes for microscopic study. 

RABniT 2. — Tlie technic ■was the same as for rabbit 1 ; 0.3 cc. of a fresh emulsion 
of human tubercle bacilli was injected into the right knee joint. There was a 
slight swelling of the articular tissues, which lasted until the rabbit was killed. 
There was no observable limitation in motion. Injections were made every four 
days until four injections had been given. The animal was killed four days after 
the last injection. Smears from the joint fluid showed no bacteria. There was no 
definite vascular congestion of the articular capsule. The capsule of the joint was 
a little thickened. There was no erosion of the articular cartilage. The iliac 
lymph nodes were much enlarged. A smear from the right common lymph node 
showed tubercle bacilli. Sections of tissue were removed from the capsule of the 
joint and from the right common iliac lymph node for microscopic study. 


Rabbit 3. — The technic was the same as for rabbit 1 ; 0.3 cc. of a fresh emulsion 
of human tubercle bacilli was injected into the left knee joint. There were slight 
swelling and slight limitation of motion in the knee, which persisted until the 
animal was killed. The injections of tubercle bacilli were repeated every eight 
days until four injections had been given. The animal was killed one week after 
the last injection. There was a moderate amount of seropurulent fluid in the knee 
joint, which showed no tubercle bacilli or smears. There were moderate 
hyperetnia and edema of the synovial membrane. The cartilage had lost its 
glistening white color and was slightly eroded. The common iliac lymph nodes 
were enlarged, but showed no tubercle bacilli in smears taken from the incise 
lymph node. Sections of tissue were taken from the capsule of the joint an 
from the common iliac lymph nodes for microscopic study (fig- 5). 

Rabbit 4. — ^The technic rvas the same as for rabbit 1 ; 0.3 cc. of a fresh 
emulsion of human tubercle bacilli was injected into the right knee 
Injections were repeated every two weeks until four injections were given, 
rabbit was killed ten days after the last injection. There was moderate s\\e m^ 
of the knee, which persisted from the first injection until the animal was ki e , i^^ 
there was no disturbance in function. When the knee joint was opeiie , 
moderate increase of cloudy fluid was found. No tubercle bacilli 
smears. The synovial membrane was thickened ; the cartilage was dull m 
and showed slight superficial erosion. Sections of tissue were taken 
capsule of the joint and from the common iliac lymph node for microscopic 

The microscopic study of the capsule and of the joints of 
nodes in rabbits 3 and 4 showed tuberculous inflammation. In J 

tubercle bacilli were recovered from the sjmovial fluid and 
swollen, common iliac lymph node (fig. 5). In rabbit 2, tuberce 
were found in a smear from the common iliac lymph node. 
from the joint and from the l)'mph nodes in rabbits 1 and 2 d 
show definite tuberculous inflammation. Repeated injections of 
bacilli into the joint cavities of rabbits showed the lymphatic 
of these bacteria to be the same as that observed for particulate m< 
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Fig. S.—A, synovial ^2° J" Thel^a^numerous epitheloid 

rous surface of the membrane ; X * Ivmph node, with epithe o 

, definite tubercle formation. B. common ihac Ump 
id beginning tubercle formation , X 
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Ollier factors, probably chiefly chemical, played a part which made the 
absorption of tubercle bacilli less readily demonstrable than that of 
chemically inert particles. Cunningham,'’® Pletherington and Wright 
have described the tissue reactions which occur in tuberculous infection 
and after the injection of nontuberculous substances. They found that 
the characteristic cells of tuberculous tissue could be produced by a 
number of mildly irritating substances varying in chemical nature, 
particular!}" organic substances, of which macerated rabbit brain was the 
best. However, these authors, while noting relative differences in the 
time and intensity of the tissue reaction, offered no explanation for any 
difference in lymphatic physiology in the absorption of various organic 
and inorganic substances. 

The mechanism involved in the removal of particulate matter from 
tissues and serous cavities has been the subject of controversy since the 
description by Beck in 1 893 of what he termed stomas in the lymphatic 
vessels. In 1903, MacCallum offered evidence to show that the 
ly'inphatic sy'stem was a closed system without stomas, confirming the 
earlier findings of Kolossow and Muscatello.®- Bolton and von 
Recklinghausen observed the presence of particulate matter in the 
lymphatic vessels of the diaphragm several minutes after intraperitoneal 
injection, too soon, they supposed, for phagocytosis, since examination 
showed that the particles were free in the lymphatic vessels. Higgms 
and Lemon observed powdered graphite in the diaphragmatic lympha- 
tics four minutes after intraperitoneal injection. 

Filling of the lymphatics of the capsule of the knee joint with colored 
solutions of dyes has been recorded by Teichmann^ and by Smith and 
Campbell,®® but in these instances the joint cavity was overexpanded 
before any filling of the lymphatics was observed. In such cases rupture 
into the lymphatics could easily have occurred. In the lymphatics o 
the diaphragm, Bolton felt that the contraction of the diaphragm with 
alterations in intra-abdominal pressure supplied the force for the flo" 
of fluid into the lymphatics. Drinker and Field have noticed giaphite 
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57. Hetherington, D. C. : Proc. Soc. Exper. Biol. & Med. 26:333, 1929. 
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particles in the subcutaneous lymphatics five minutes after their injec- 
tion into the subcutaneous tissues when the animal was active. They 
concluded that motion or massage caused the lymphatic vessels to lose 
their anatomic integrity and to become momentarily open into the tissue 
spaces. Practically all modern study has tended to disprove the presence 
of stomas or constant openings of any sort into lymphatic vessels. In 
microscopic sections from rabbits’ joints, particles were often seen in 
the interstices and beneath the lining synovial cells, apparently free in 
the tissues. The work of Rynearson ®‘'’ and Cunningham on this prob- 
lem has suggested a fairly loose union of the lining cells, so that 
mechanically small particles might pass between the lining cells and 
readily lodge in the tissues beneath. 

The cells that play the chief role in phagocytosis of particles in 
serous cavities are the endothelial cells of the reticulo-endothelial sys- 
tem. Their origin has not been definitely established (Cunningham®'). 
Their presence in normal, circulating lymph has been denied 
(Kindwall ®®). Gay,®® who has studied the problem of the origin of 
these phagocytic cells in relation to tissue resistance, believed that these 
phagocytic cells of serous cavities, the histiocytes, come from the clasmat- 
ocytes of connective tissue. Phagocytosis by such cells is the chief 
method, probably the only method, with present histologic and ph3'siolgic 
understanding, by which particles larger than molecular size enter the 
IjTOphatics. Clark has described the phagoc}’tosis of fat droplets in 
the tails of tadpoles by cells which then entered the lymphatic vessels. 
The wide potential spaces between the cells of the lymphatic vessel wall 
and the arrangement of the cells like tiles on a roof have been suggested 
by IMuscatello as a provision for the easy entrance of phagocytic cells 
into the lymphatic vessels. 

Material larger than molecular size is taken up from the tissues b)' 
blood A'cssels onl}’’ under unusual conditions, if at all. Krogh has 
mentioned the possibility of such absorption where the blood vessels are 
extremely dilated, but no observation of such occurrence is on record. 
W. J. Majm stated that except in the gastro-intestinal tract the blood 
vessels are impervious to particulate matter and colloidal substances. 
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Katsuia/^ woi Icing on tlie absorption of dyes from the pleural and peri- 
toneal cavities of dogs and rabbits, found that crj^stalloid stains are 
absorbed lapidl}' through the blood stream, while colloidal stains are 
absorlrcd more slowly through the l3miphatics. In rabbits, I observed 
complete absorption of soluble dyes, such as methjdene blue (niethyl- 
thioninc chloride, U. S. P.) or carmine, twenty-four hours after their 
injection into joint cavities. There was usually staining of the entire 
joint capsule, but no trace of soluble dye could be seen in the lymph 
nodes draining that joint cavityn Nonsoluble dyes, particulate matter 
or colloidal, such as India ink, were absorbed much more slowly, some 
dye remaining ensheathed in fibrin or fibrous tissue within the articular 
cavity^ often for months after its injection. During the time, in ani- 
mals killed at lengthening intervals, a gradually increasing accumulation 
of the dy'e was seen in the lynnph nodes draining those tissues. f- 
Herring and MacNaughton,'”’^ in making investigations on the 
absorption of particulate matter from the lungs, concluded that both 
India ink and the tubercle bacillus were taken up in the same manner by 
phagocytes and carried to the lynnphatics in the human lung. This was 
also found to be true in the joint cavity’- of rabbits, although bacteria 
were not demonstrable with the same regularity as particulate matter, 
In studying the removal of colloidal and particulate carbon from the 
knee joint in rabbits, Key concluded that most of the injected material 
was carried by'- macrophages to ly'inphatic capillaries. When the macro- 
phages died, the particulate matter that they' were transporting was 
picked up and carried by succeeding generations of phagocytes. The 
particles were found first in lynnph nodes and later in tire liver, spledi 
and bone marrow. Rynearson found that particles from joint cavities 


lodged in all tissues of the reticulo-endothelium system. 

Job®® and Herring and MacNaughton found that the lympj 
sinuses of the first proximal lymph node draining the area studied acte 
as efficient filters for the material brought to them by the phagocytic 
cells. They' believed that material was carried only to more proxima 
lymph nodes, through the lymphatic anastomoses around the lymp 
node, when it came in too large quantities to be taken care of adequa ey 
by' the first ly'mph node reached. No lymphatics have been found 
nected with lymph nodes. In my' study' of the drainage of the joints o ^ 
the lower extremity', no india ink was ever seen in lymph nodes aio 
those along the lumbar spine, nor was any found in the anterior m 
astinal ly'mph nodes. The work of Poyneter gav'C a possible 
tion for this. From his experiments he concluded that the lymp la ^ 
drainage from the lower extremity' passed through the anterior me( las 


73. Katsura, S. : Tolioku J. Exper. Med. 5:263, 1924. 

74. Poyneter, C. W. AI. : Colorado Med. 23:386, 1926. 



KUHNS— LYMPHATIC DRAINAGE OP JOINTS 


369 


nal lymphatics and not through the thoracic duct. He found that the 
thoracic duct drained only the peritoneal and pleural cavities. 

In the beginning of this study, dyes mixed with irritating sul> 
stances, such as ether and turpentine, as advocated by Gerota.” were 
injected into the joints of living animals. The studies had to be given 
up, because there was very little absorption from the articular cavities, 
with practically no deposition of the dye in the lymph nodes. At the 
same time a violent inflammation was produced in the joint, which sub- 
sided in one or two weeks. This led to the conclusion that the inflam- 
mation had in some way hindered the mechanism of absorption through 
the lymphatics. Xotkin was able to impede absorption from the 
peritoneal cavity in dogs by the intraperitoneal injection of irritating 
substances. He determined the average time required for the appear- 
ance of hemoglobin or india ink in the lymph of the thoracic duct after 
intraperitoneal injection into normal dogs. After he had produced a 
peritoneal inflammation by the intraperitoneal injection of a solution of 
potassium iodide, he found that the time required for the first appearance 
of the hemoglobin or india ink after intraperitoneal injection was about 
three times as great as in normal dogs. iMicroscopic studies of the 
central tendon of the diaphragm, after injections of potassium iodide, 
showed most of the lyt^iphatics shrunken and many of them obliterated, 
where normally a rich plexus of lymphatic vessels was found. 

These observations led to further study of lymphatic absorption 
from joint cavities after the production of a synovitis. After the trial 
of a large number of substances, a 20 per cent solution of potassium 
iodide was found to be most satisfactory. The local pharmacologic 
action of this drug has recently been described by Cameron.'® In 
single injections into joint cavities, it produced a mild inflammation, but 
rarely any serious damage to any articular structures. Injections of 
0.5 cc. were made into the knee joints of rabbits ; 0.25 cc. was injected 
when the elbow joint was used. Such injections produced an inflam- 
matory exudate within the joint cavity within from six to twelve hours 
after injection. The knee or elbow became moderately swollen, but 
there was no appreciable increase in surface temperature, and there was 
no apparent limitation in active or passive motion in the joint into which 
the injection was made. The swelling of the joint lasted usually from 
two to five days and then subsided. Repeated injections produced the 
same effect, with a little slower subsidence of subsequent exudations. 

ithin two or three weeks a definite thickening of the joint capsule 
could be felt in most of the animals. Smears of the joint exudate 
s lowed polymorphonuclear cells, lymphocytes and a rather small number 
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of laig'c niononuclcar cells, some containing injected pol3anorphomiclcar 
ceils (Higgins and Lemon 

In five rabbits a single injection of a 20 per cent solution of potas- 
sium iodide was made into the knee joint. The animals were killed at 
\'ar3'ing intervals to determine the extent and duration of tissue changes 
as well as the effect on the local l3miphatics and their absorptive func- 
tion. The s3mo\'ial 13'mphatics were studied b3' several methods. Thin 
sheets of S3movial membrane were treated with h3'^drogen dioxide. B3' 
this method l3’m]diatics in the depths of the tissue were never demon- 
strated. nor were the l3Mnphatics shown well in fixed sections. Injec- 
tions of particulate matter gave data of a decreased function. Injections 
of india ink given a da3' or longer before the animal was killed gave sug- 
gestive information of the rate of l3nnpbatic absorption. Injections of 
a 0.5 to 1 per cent solution of mild silver protein into the joint cavity 
several hours before the animal was killed gave an even more satis- 
factor3^ demonstration of the lymiphatics than was obtained Avith 
liydrogen dioxide, with the added advantage that it could be shown 
better in fi.xed sections. 


RAnniT 1. — Ether anesthesia was used. The hair was shaved over the rigid 
knee joint. The skin was painted witli alcohol and with 3 per cent iodine. With a 
25 gage needle, 0.5 cc. of a 20 per cent solution of potassium iodide was injected 
into the knee joint. The joint was moderately swollen the following day. The 
swelling subsided in two days. The animal was killed after three days. There 
was a moderate increase of turbid fluid in the knee joint. The cartilage was 
dull, instead of the usual glistening white. The synovial membrane appeared 
normal. Sections were taken from the synoA'iaJ membrane of both knee joints for 
study immediately with hydrogen dioxide. Tissue was also removed from both 
knee joints for microscopic study. 


Raiibit 2. — The technic was the same as for rabbit 1 ; 0.5 cc. of a 20 per cent 
solution of potassium iodide was injected into the right knee joint, fhcrc Avas 
moderate swelling of the knee joint, which subsided in four days. The aiimw 
was killed five days after receiving the injection. The cartilage was dull instc.ir 
of the usual glistening white. There was no increase of fluid in the joint ca'ily- 
The .synovial membrane appeared normal. Sections were taken from 
.synovial membrane of both knees for microscopic study. Small pieces 0 
synovial membrane of both knees were treated with hydrogen dioxide and stn< ic' 
immediately for lymphatics. 

Rabbit 3. — The technic was the same as for rabbit 1 ; 0.5 cc. of a 20 
solution of potassium iodide was injected into the left knee joint. There was s 
swelling of the joint, which subsided in two days. The animal was killer 
week. No increased amount of fluid ivas seen in the knee joint. Tbe 
and synovial membrane appeared normal. Sections were taken from tlic 
membrane for study. Sections from the synovial membrane of both knees \^' 
treated immediately with hydrogen dioxide and examined under the micro.? 
for lymphatic vessels. 

R,.\bbit 4. — The technic was the .same as for rabbit 1 ; 0.5 cc. of a 
solution of potassium iodide was injected into tbe right knee joint. 
slight swelling of the joint, which subsided in three days. Four (a). 
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injection, 0.4 cc. of a 0.5 per cent solution of mild silver protein (argento- 
proteinum mite, U. S. P.) was injected into both knees. Four hours after the 
injection of the silver protein, the animal was killed. Sections of the synovial 
membrane of the two knees were taken for later microscopic study, and other 
sections were studied immediately with transmitted light under the microscope. 

Rabbit 5. — The technic was the same as for rabbit 1 ; 0.5 cc. of a 20 per cent 
solution of potassium iodide was injected into the left knee joint. There was 
slight swelling of the left knee, which subsided in three days. Six days after 
injection 0.4 cc. of a 0.5 per cent solution of mild silver protein was injected 
into the joints of both knees. The rabbit was killed five hours later. Sections 
were taken from the synovial membrane of both knees, and the lymphatics were 
studied immediately. Other sections were taken for fixed microscopic preparations. 

It was hoped that by the injection of a solution of potassium iodide 
a mild inflammatory process would be initiated and eventually a mild 
arthritis produced. Such attempts had been made b)" Key '' and 
Rynearsou with various substances, .\fter injections of potassium 
iodide, there was an exudation of fluid into the joint, and there were 
slight proliferation of the synovial membrane and dilatation of the 
blood vessels (fig. 6). The pathologic picture was similar to that 
described by Key " in early experimental arthritis. In all animals that 
were permitted to live longer than one week, the synovial membrane 
appeared normal. Examination of the lymphatics with hydrogen 
dioxide in rabbit 1 showed a decrease in the number of lymphatic 
vessels in comparison with the number seen in normal S 3 movial mem- 
brane. At the same time, the Ij'mphatic vessels that were present were 
larger than those seen in synovial tissue from the normal joint. .\ 
similar but less marked condition was observed in the lymphatics of 
rabbit 2. In rabbit 3, no difference could be made out between the 
lymphatics on the two sides. This was probably due to the fact that 
the joint had wholly recovered from the mild inflammatory reaction 
produced b}' the solution of potassium iodide. In rabbits 4 and 5. into 
the knee joints of which a diluted suspension of colloidal silver was 
injected a few hours before the animal was killed, the lymphatic vessels 
uere stained a v'ellowish brown from the absorption of the colloidal 
silver, and they^ could be demonstrated more readily than when hj'drogen 
dio.xide was used. In rabbit 4, the hunphatic vessels were larger but 
less in number than those seen in the knee not receiving an injection. In 
labbit 5, no difference could be seen between the l 3 Mnphatics from the 
S 3 norial membrane of the right and the left knee joints. The inflam- 
matoiy reaction had subsided, and the l 3 'mphatics had apparenth’ recov- 
cicd from any injury they bad suffered. 

Since the inflainmator 3 '' reaction in the knee joint after one injection 
o potassium iodide was of such a short duration, several injections of 

'*■ Key, J. y. 11:705, 1929. 
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potassium iodide were given at wecldy intervals in an attempt to pro- 
duce a more lasting change in the lymphatics. Five rabbits were given 
two injections of jrotassium iodide at weekly intervals. 







Fig. 6 (rabbit synovial membrane of the owing ‘lie 

.educ:cl from X 70. F, same as X treated 

superficial lymphatic vessels; reduced from X edema and cndo- 

(injected) right knee joint, showing slight ^ascu ar o i,ydrogcn 

thelial proliferation; reduced from X 90. . same < , f om X 

dioxide. There are fewer and shorter lymphatic vessels, reduced 
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Rabbit 1. — ^Vith tlie usual aseptic technic, 0.5 cc. of a 20 per cent solution 
of potassium iodide was injected into the right knee joint. There was moderate 
swelling of the knee, which subsided in three days. Seven days after the first injec- 
tion, a second injection of 0.5 cc. of a 20 per cent solution of potassium iodide was 
made into the same joint. 

Following this injection, a moderate swelling appeared which persisted until 
the animal was killed five days after the last injection. There was a little 
thickening of the synovial membrane, with projecting, thickened, villus-like 
processes. The synovial membrane was a deeper red than that on the side on 
which no injection was made. The cartilage was dull gray and not glistening. 
Sections from the synovial membrane were treated with hydrogen dioxide and 
studied under the microscope. On the side into which an injection was made, 
only an occasional short lymphatic vessel was seen, while a fairh^ numerous 
distribution of lymphatics was observed in the synovial membrane on the side 
not receiving an injection. Sections were taken from both knees for microscopic 
study. 

Rabbit 2. — The same technic was used as for rabbit 1 ; 0.5 cc. of a 20 per cent 
solution of potassium iodide was injected into the right knee joint. There was 
slight swelling of the joint, but no disturbance of function. Swelling disappeared 
in two days. Six days later a second injection was given. The knee remained 
swollen for five days. The animal was killed on the seventh day after the 
last injection. There was no increase of fluid in the knee joint. The synovial 
membrane showed moderate vascular congestion. The synovial membrane from 
the knee that had received injections was also thicker. The cartilage ts'as not 
eroded, but had lost its glistening white appearance. Small sections from the 
synovial membrane of both knees were treated immediately with hydrogen dioxide. 
On the side receiving the injection only, one short but rather thick lymphatic 
vessel was found. A moderate number of small lymphatic vessels were seen in 
tissue from the side into which no injection was made. Sections were taken from 
both knees for microscopic study'. 

Rabbit 3. — The technic was the same as for rabbit 1, except that the joints 
of the foreleg (humero-ulnar), as well as the joints of the knee, were used. Five- 
tenths cubic centimeter of a 20 per cent solution of potassium iodide was injected 
into the right knee joint, and 0.25 cc. into the joint of the right foreleg. There 
was a slight swelling which disappeared in both joints by' the third day. A 
second injection of like amount was made into both the knee joint and the foreleg 
joint on the seventh day. The swelling persisted in the foreleg joint for five days, 
and had not disappeared from the knee joint when the animal was killed on the 
fourteenth day after the last injection. Four hours before the animal was killed, 
0.4 cc. of a 1 per cent solution of mild silver protein was injected into both knee 
joints, and 0.2 cc. was injected into the joints of both forelegs. At autopsy, there 
uas a little increase in the fluid in all four joints. The synovial membrane was 
thicker in the right knee joint and right foreleg joint and showed moderate 
lasciilar congestion. The cartilage was not eroded, but appeared dull gray' on the 
right side, and white and glistening on the left side. The sections of tissue from 
the synovial membrane were studied immediately under tbe microscope with 
transmitted light. On the right side, the sections from the knee and foreleg were 
similar. They showed only an occasional large lymphatic vessel. On the left 
sice, a fairly extensive plexus of small lymphatic vessels was observed in tissue 
^rom t le joints of both tbe knees and the forelegs. Sections were taken from the 
lOur joints for further study. 
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K,uinir 4.— The proceclnre was the same as for rahbit 3. After tlie first 
injection of potassium iodide, there was slight swelling in both joints receiving 
injection, wliich jiersisted to the second injection on tlic sixth day. Following tlic 
second injection, there was moderate swelling, but no appreciable limitation in 
motion, which lasted until the animal was killed on the fourteenth day after the 
first injection. One day before the animal was killed, 0.4 cc. of india ink, diluted 
with eriual jiarts of distilled water, was injected into both knee joints. Three 
hours before the animal w:is killed, 0.2 cc. of 1 jicr cent solution of mild silver 
protein was injected into the joints of both forelegs. When the joints of both 
knees were opened, it was seen that the joint cavity of the right knee appeared to 
contain much more ink than that of the left knee. The .synovial membrane was 
thicker and seemed to be more congested on the right side. Sections were taken 
from the joints of both forelegs and studied immediately with the microscope. 
On the right side, onlj' a few short lymphatics were seen; on the left, there was 
an e.xfensivc plexus of lymphatic vessels. Sections were taken from the four 
joints and the regional lymjih nodes for niicroscojiic study. 

Raiiiiit 5. — The same procedures were carried out as for rabbit 3. After tlie 
first injection into the right side, there was moderate swelling in both joints, wliich 
lasted three days. On the seventh daj', the injection was repeated. The swelling 
subsirled in five days in the joint of the right foreleg and in six days in the joint 
of the right knee. The animal was killed eighteen days after the beginning of 
the experiment. One day before the animal was killed, 0.4 cc. of india ink, dihitetl 
with eciual parts of distilled water, was injected into both knee joints and 0,2 cc. 
into both foreleg joints. The synovial membrane in the right knee and the rigid 
foreleg was a little thiclcer and seemed to have more india ink on its surface tlian 
the synovial membrane from the joints on tlie left side. Sections were taken 
from both knee joints and both foreleg joints for immediate study of the Iymphalic.s 
with hydrogen dioxide. No aiiiirccialile difTerence could be dctcriiiined between the 
lymphatics on the side into which an injection was made and the other site. 
Tissue was also removed from both knee and both elbow joints for histologic 
study. 

Jn another scries of five rabbits, three weekly injections of ])otassittui 
iodide were given, d'lic satnc procedures were carried out as desciiK’ 
in the last series. Since the findings were similar in all, only 
worthy features in each animal will be mentioned, d he inici oscojH^- 
observation.s in both series will be described iogcthcr. 


Raiiiiit 1. — The procedure was the same as in the last scries of rabbit.s. Ic’r 
the first injection, there was swelling which jiersisted in both tlic right 
and the right knee joints until the animal was killed one week after tic 
injection. There was a moderate increase in cloudy fluid in both of tlic 
into which injections had been made. The synovial menibrane was thkkciiu 
edematous and was moderately engorged with blood. The cartilages were a 

s from the knee and f<>rel‘t- 


iild 


brownish gray, hut no erosion was evident. Sections 

were studied immediately with hydrogen dioxide. No lyiuiihatics co ^ 
demonstrated in the synovial tissue from the right knee and right 
moderate number of lymjihatics could he seen in tissues of the synovial niem 
from the left knee and left foreleg joints. Tissues from both knee joints aii< 
foreleg joints were removed for later microscopic study. 

Raiuut 2. — In this rahbit swelling of the right knee joint and 
joint lasted three dais after the first injection 


‘ ^ , 

and, after the second inject 
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remained practically unclianged until the animal was killed one week after the 
last injection. There was no demonstrable disturbance in function. When the 
right knee and foreleg joints were opened, there was a moderate amount of thin, 
turbid fluid. The synovial membrane showed venous congestion and was 
moderately thickened. There were a number of thickened villus-like projections 
about the margins. The cartilage showed no erosion, but was a dull grayish 
brown. Sections of the synovial membrane treated with hydrogen dioxide showed 
an occasional short lymphatic vessel on the right, while there was a fairly 
abundant plexus of small lymphatic vessels on the left. Sections were taken from 
the four joints for microscopic section. 

Rabbit 3. — After the first injection into the right knee and elbow joints, there 
was a moderate amount of swelling in both of the joints, with limitation of motion 
in the right knee, which lasted until the animal was killed six days after the last 
injection. Into both knee joints and both foreleg joints a 1 per cent solution of 
mild silver protein was injected four hours before the animal was killed. Sections 
of the synovial membrane studied immediately showed few lymphatic vessels on 
the right, while numerous lymphatic vessels were seen in the synovial tissue on 
the left side. Synovial membrane from both knee joints and both foreleg joints 
was removed for histologic study. 

R.^bbit 4. — There was moderate swelling after the first injection, which lasted 
four days. Swelling persisted after the second injection into the right knee and 
elbow joints on both sides, with a little disturbance in function in the knee joint 
and elbow joint until the animals were killed six days after the last injection. 
A 1 per cent solution of mild silver protein was injected into both knee joints 
and both elbow joints four hours before the animal was killed. The joints on 
the right showed findings similar to those already described in the series. Sections 
from the the synovial membranes studied immediately showed only an occasional 
short segment of a lymphatic vessel on the right, while there were numerous small 
lymphatics in the synovial tissue taken from the left knee and elbow joints. 

In this animal, there were rather marked and persistent swelling and a little 
limitation of motion in both the knee joint and the elbow joint from the first 
injection until the animal was killed six days after the last injection. Two days 
before the animal was killed, 0.4 cc. of india ink was injected into both knee 
joints, and 0.2 cc. or india ink was injected into both elbow joints. When the 
joints were opened, there was apparently moderate absorption of the india ink 
on the left side, while there was no evidence of absorption of the india ink on the 
right side, and there was no visible deposition of the india ink in the regional 
lymph nodes on the right side, while the regional lymph nodes on the left side were 
deeply stained. Tissues were taken for microscopic study. 

The microscopic sections from these two series were similar (fig. 7). 
The joints that had received three injections of potassium iodide as a 
rule showed more inflammatory changes than the joints that had 
received two injections. There was increased proliferation of the 
stnovial membrane with occasional lymphocytic infiltration about the 
blood vessels. There was a little increase in the number of fibroblasts 
and in the fibrous tissue in the subserous layer of the synovial mem- 
Iwane. uith lymphocytic infiltration occasionally about the blood vessels. 

le cartilage in a few sections showed necrosis of the superficial car- 
ti age cells, with slight erosion of the surface, but. as a rule, there were 
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no changes obscrvalilc in the cartilage. J he l)one and marrow cavity 
sliowed nothing unusual. It was possilde only occasionally to demon- 
strate the silver protein or india ink in the lynuphatics in microscopic 



Fig. 7 (rabbit Z).—A, synovial membrane of (unmjected) same 

is very little silver in or on the .synovial ‘"‘'"’''‘■'J."5'j,''^J'l^^,vcr-containing ' 

as A (fresh tissue). The lymphatic vessels are filled i,„cc joi'". 

evtes- reduced from X 80. C, synovial membrane of (m ec tc ; 
showing silver particles chiefly on the ‘"‘f ‘^^‘90 D, same as C 

engorgement and endothelial proliferation ; reduced from X 

(fresh tissue) ; a few silver-stained lymphatics are visiie. 
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sections, although the lymphatic vessels filled with silver protein could 
be traced fairly easily in fresh tissue. In a few, where they were cut 
across transversely, they could be definitely identified, and the sections 
were in practically all cases from the synovial membrane of joints 
not receiving injections. In the tissues from the joints into which 
injections of potassium iodide, india ink and. to a less extent, the silver 
protein were made, the substance was seen either in phagocrtic cells or 
enmeshed in fibrin, for the most part on the surface of the synow'al 
membrane. 

The investigations of Rynearson and Key suggested that prac- 
tically all particulate matter was carried by macrophages to the lym- 
phatic vessels. \\’hile particles might be forced mechanically between a 
rather loose sync>-tium of synovial cells, penetration of particles to any 
appreciable depth into the synovial tissue was impossible without the 
action of phagoct’tic cells. The recent work of Sigurdson has shown 
that no openings or stomas were demonstrable on the surface of the 
synovial membrane. Where absorption of particulate matter did not 
occur in the experiments recorded in this paper, there were two possible 
causes. The material was not picked up by macrophages, or the lym- 
phatics were changed, so that the entrance of phagocnes was prevented. 
Absence or nonactivit}' of phagocjtic cells has been observed in a num- 
ber of diseases, but discussion of these is beyond the scope of this paper. 
In the microscopic sections phagocytic cells filled with particulate matter 
were observed in large numbers on the serous surface of the synovial 
membrane, which suggested that they were unable to go deeper into the 
tissues, because they could not enter lymphatic channels as in normal 
tissue. 

In order to find out how long these changes in the joints persist, 
another series of four rabbits was given three injections of potassium 
iodide at weekly intervals. These rabbits were killed one. two. three 
and four months, respectively, after the last injection. 

Rabbit 1. — The technic was the same as in the previous series. The swelling 
disappeared in the joints into which injections were made fright knee and right 
foreleg) ten days after the last injection. Two-tenths cubic centimeter of mild 
silver protein solution was injected into the right foreleg and 0.4 cc. into the right 
knee joint five hours before the animal was killed. The same injections were given 
in the opposite (normal) elbow and knee joints. When the animal was killed 
one month later, there was still moderate thickening of the joint capsule. 
Sections studied immediately with the microscope showed only an occasional 
Ivmphatic v-essel in the synovial tissues from the joints into which injections were 
made, while an extensive lymphatic plexus w^s shown in the sj-novial tissue from 
the other side. 

Microscopic study showed a moderate proliferation of the synovial membrane, 
with increased fibrous tissue in the subserous layer on the right side. There was 

Sigurdson. I.. A.: J. Bone S: Joint Surg. 12:603. 1930. 
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occasional lyinplialic iiifillralioii about the blood vessels. There were no definite 
clianges in tlie iione, cartilage or marrow cavity. 

RAfiinT 2. In this rahliit tlierc was swelling of the injected joints, the left 
knee and foreleg joints, into which injections were made, until one week after 
the last injection. 1 here was practicall}' no disturbance of function in these 
joints. There was still moderate capsular thickening about the joints when the 
animal was killed two months after the last injection. A 1 per cent solution of 
mild silver protein was injected into both knee and both foreleg joints four hours 
before the animal was killed. Sections from the synovial membrane studied 
immediately showed a slightly more abundant plexus in the synovial membrane 
from the joints on the right side than from that on the left side. There was 
slightly greater synovial proliferation on the left side, but there were no striking 
pathologic changes in the joints which had received the injections of potassium 
iodide. 

RABniT 3. — Swelling was present in the joints into which injections w'ere made, 
from the first injection until two weeks after the third injection. Definite capsular 
thickening could be made out about the injected knee joint until the animal was 
killed three months after the last injection. Four-tenths cubic centimeter of a 1 
per cent solution of mild silver protein was injected into both knee joints, and 
0.2 cc. into the joints of both forelegs five hours before the animal was killed. 

There were no apparent macroscopic pathologic changes in any of the joints. 

Tissue from the synovial membrane studied immediately showed no noteworthy 

difference in the number and size of the lymphatic vessels from the two sides. 

The microscopic sections showed no pathologic changes. 

Rabbit 4. — Swelling subsided five days after the first injection, but remained 
practically' unchanged in the joints after the second injection until ten days after 
the last injection. There was appreciable capsular thickening about the knee 
joint into which an injection was made for about two months. The animal uas 
killed in four months. Mild silver protein was injected into both knee and hot i 
foreleg joints four hours before the animal was killed. Tissue studied immediate) 
showed an equally dense lymphatic plexus on both sides. There were no definite 
pathologic changes in the tissues from the joints that had been given injections 
of potassium iodide. 

These experiments showed that the changes produced in the joints 
by injections of potassium iodide were in no wise permanent, but gract 
ally subsided in about two months, varying somewhat in diffeient am 
mals. Similar results were obtained by Key,"' who observed a partia 
return to normal conditions within twelve days after single injections 
of india ink or citrated blood into joint cavities. His work suggested 
that the duration of the inflammation of the synovial tissue nn^ ’ 
depend somewhat on the severit}'^ of the reaction produced, and, a so. 
on the number of injections given. A series of seven animals uas gn ^ 
from seven to twelve injections of potassium iodide at weekly 
to see how long changes in the joints could be made to persist, hi t 
last four animals emulsions of tubercle bacilli were injected into t ic 
knee joint for several weeks at weekly' intervals before the animals uer 
killed. Xo infections in the joints into which injections were made wer 
seen, and cultures from the joints were negative at autop.sy. 
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Rabbit 1. — The technic was the same as in previous series. Seven injections 
of a 20 per cent solution of potassium iodide were made at weekly intervals into 
the joint cavities of the right knee and foreleg. Swelling subsided in the joints 
two weeks after the last injection. There was still some palpable thickening of 
the capsule of the right knee joint when the animal was killed four months after 
the last injection. .A. 1 per cent solution of mild silver protein was injected into 
both knee and both elbow joints five hours before the animal was killed. Both the 
right knee and the right foreleg showed moderate thickening of the synovial 
membrane. The cartilage was dull, but otherwise showed no macroscopic 
pathologic change. Tissue from the synovial membrane studied immediately 
showed only a few lymphatic vessels on the right side and a fairly numerous 
plexus on the left side. Microscopic section showed moderate epithelial prolifera- 
tion of the lining cells. There was a moderate increase in the fibrous tissue in the 
subserous layers. There was slight lymphocj'te infiltration in the synovial 
membrane, particularly about the blood vessels. The cartilage showed no pannus. 
There were a few areas of superficial erosion. Xo changes were seen in the bone 
or marrow cavity. 


R.abbit 2. — In this rabbit nine injections of a 20 per cent solution of potassium 
iodide were given at weekly inter\-als. Swelling persisted in the joint for two 
weeks after the last injection. There was periarticular thickening which remained 
practically unchanged until the animal was killed si.x months later. A 1 per cent 
solution of mild silver protein was injected into both knee and elbow joints four 
hours before the animal was killed. 

Sections of the joint studied immediately showed no lymphatics on the right 
side and a fairly numerous plexus on the left side. The sj-novial membrane was 
moderately thickened. The cartilage showed no change. Fixed sections of tissue 
showed proliferation of the synovial endothelial cells with a little increase in the 
fibrous tissue beneath. There was no change in the bone or bone marrow. 


R-abbit 3. — This rabbit was given ten injections of potassium iodide at weekly 
intervals into the right knee and right foreleg joints. The swelling persisted for 
eighteen days after the last injection. The animal was killed five months after 
the last injection. Four hours before the animal was killed, a 1 per cent solution 
of mild silver protein was injected into both knee and both foreleg joints. 
Synovial membrane studied immediately showed only one short h-mphatic vessel 
on the right side and a moderate number of lymphatic vessels on the left side. 
Fixed sections showed a moderate endothelial proliferation of the synovial 
membrane with fibrous proliferation in the subserous layer of the synovial 
membrane and occasional lymphocj-tic infiltration about the blood vessels. The 
cartilage, bone and bone marrow showed no pathologic changes (fig. 8). 


Rabbit 4. — This animal was given ten injections of potassium iodide at weekly 
intervals into the right knee joint and right foreleg joint. Swelling of the joints 
into which injections were made lasted for three weeks after the last injection. 
Periarticular thickening could be felt about the right knee until the animal was 
killed seven months later. During the last month that the animal remained alive, 
O.o cc. of a suspension of human tubercle bacilli of low virulence was injected at 
weekly intervals for three times into the right knee joint. .A 1 per cent solution 
of mild silver protein was injected into both foreleg joints five hours before the 
animal was killed. Smears from the right knee showed tubercle bacilli. The 
s\ no\ ial membrane was moderately thickened. There were discoloration and slight 
roughening of the articular cartilage. Sections from the synovial membrane 
studied immediately with the microscope demonstrated no lymphatics stained by 
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Fig. 8 (rabbit 2,).— A, synovial membrane of (unmjected) ^ 80. P 

is a little silver on the synovial surface and m the tissues , re 
same as A (fresh tissue). The lymphatics filled with Jagocj^e 
up silver particles, are fairly numerous; reduced ' ' . amount oi 

of (injected) right knee joint; reduced from X 100- ° .jovial proliferatin'’- 

silver o,. the synovial nrembrane. There arc a Tl,e silver »■' 

vascular congeslion and fibrosis. D. same as C; reeioee^ t™™ ^ 


the synov 


congestion and fibrosis. same as c , . ,.isiblc. 

rial surface gives the dark appearance. No lyinphati . 
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the silver protein on the right side, but showed a fairlj' numerous jilcxus of 
lymphatic vessels on the left side. Microscopic sections showed endothelial 
proliferation of the synovial membrane, with dilatation of the superficial blood 
vessels. There was a moderate increase in the subserous fibrous tissue. There 
was no lymphocytic perivascular infiltration. No evidence of tuberculosis was 
seen in the synovial membrane, nor were tubercle bacilli seen in sections stained 
to demonstrate them. The regional lymph nodes showed no evidence of tuberculous 
infection. 

Rabbit 5. — This rabbit was given ten injections of potassium iodide at weekly 
intervals into the right knee and foreleg joints. Swelling of the knee joints lasted 
for almost four weeks after the last injection. There was periarticular capsular 
thickening, which persisted until the animal was killed eight months later. In 
spite of this, there was no appreciable disturbance in function after the swelling 
of the knee joints had subsided. A suspension of human tubercle bacilli of low 
virulence was injected at weekly intervals for three times into the right knee 
joint, which had previously received injections of potassium iodide. The animal 
was killed one week after the last injection of tubercle bacilli. A 1 per cent 
solution of mild silver protein was injected into both elbow joints four hours 
before the animal was killed. There was definite and rather marked thickening 
of the synovial membrane in the right knee and elbow joints. The cartilage was 
dull in appearance and was slightly roughened. Smears from the joint cavity 
showed tubercle bacilli. The regional lymph nodes were not enlarged. Sections 
from the synovial membrane studied immediately showed no lymphatic vessels on 
the right side and a fairly abundant plexus of lymphatics in the synovial membrane 
on the left side. Fixed sections from the right knee joint showed marked 
thickening of the joint capsule with increased villous formation. There was 
extensive proliferation of the synovial endothelium. There was occasional lympho- 
cytic infiltration about the blood vessels and in the subserous tissue. There were 
moderate edema and vascular congestion of the synovial membrane. Slight 
fibrosis was noted in the subserous sjmovial tissue. There were many more 
lymph vessels containing phagocytes, with silver particles in the tissue from the 
left side, which showed no pathologic changes. The cartilage of the right knee 
showed slight superficial erosion. The bone marrow cavity showed no abnormality. 
The regional lymph nodes showed no tubercle bacilli and no evidence of 
tuberculous infection. 

Rabbit 6. — This rabbit was given twelve injections of potassium iodide at 
weekly intervals into the right knee and foreleg joints. Swelling of the joints 
lasted for four weeks after the last injection. Palpable capsular thickening could 
be felt about the joints into which injections were made until the animal was 
killed ten months after the last injection. One month before the animal was killed 
and at weekly intervals thereafter for two subsequent times, a suspension of 
avirulcnt human tubercle bacilli was injected into the right knee joint. Four hours 
iieforc the animal ^\^as killed, a solution of mild silver protein was injected into 
both elbow joints. When the joints were opened, a marked thickening of the 
joint capsule with villous formation was observed on the right side. There was 
slight erosion of the cartilage, which had a dull brownish color. Smears from the 
joint cavity of the right knee showed a few tubercle bacilli. The regional h'lnph 
nodes were not enlarged. Tissue from the synovial membrane of the right foreleg 
s low ed no lymphatics, while an extensive lymphatic plexus was shown in the 
s\no\ial tissue from the left foreleg joint. Fixed sections showed no lymphatics 
m ic tissue from the joint which had received injections, while an extensive 
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lymphatic plexus was shown in the synovial tissue from the joint of tlic other 
foreleg. Fixed seetions showed the same changes on the right as described in 
rabbit 5. The lymph nodes draining the right knee showed no tuherciilous 
infection in microscopic sections (fig. 9). 

KAiiiirr 7. — Twelve injections of potasinm iodide were made at weekly intervals 
into the joint cavities of the right knee and foreleg. Swelling of the joints 
persisted almost four weeks after the last injection. There was thickening of the 
joint capsule, particularly in the right knee joint, which lasted until the animal 
was killed nine months after the last injection. A suspension of avirnlent human 
tubercle haeilli was injected into the right knee joint at weekly intervals for three 
times. One week after the last injection, the animal was killed. A 1 per cent 
solution of mild silver protein was injected into the joints of both forelegs four 
hours before the animal was killed. Smears from the synovial fluid of the right 
knee showed tubercle bacilli. The synovial membrane was markedly tbickened on 
the right side. There was slight erosion of the articular cartilage, but no paiinus 
formation. Sections from the sj'iiovial membrane of the elbows showed no 
lymphatics on the right side, and a fairly abundant plexus of lymphatics on the 
left side. Adicroscopic sections showed marked endothelial proliferation of the 
.S3movial membrane, with an increase in fibrous tissue in the subserous layer. 
Occasional lymphocytic infiltration about the blood vessels was seen. The 
cartilage showed slight superficial necrosis, but no change was seen in the bone or 
bone marrow. The lymph nodes draining the right knee and the synovial tissue 
of the right knee, as well, showed no evidence of tuberculous infection. 

These experiments showed tliat the clianges produced by injections 
of potassium iodide into joint cavities could be made relatively^ Instmb 
if the injections were continued for a long enough period. Noting 
reported that while a single intrapleural injection of an electio} e 
(strontium chloride) jiroduccd extensive epithelial proliferation in tic 
pleura of rabbits, a second injection within eight days did not inciea.se 
the amount of epithelial proliferation. A new reaction of epithelial pio 
liferation by the pleura was not observed until the first reaction i‘>f 
subsided in about twenty days. This was not found to be the ca.se i^ 
the reaction of the joint cavities of rabbits. Repeated injections 
potassium iodide at weekly intervals produced a gradually "’‘'j 
epithelial jyroliferation which was relativel}" commensurate with t >e 
number of injections given. ’^I'hc early experiments with single 
tions of potassium iodide showed that an almost com])lcte restitutio^^*^ 
integrum of the synovial membrane had occurred within one " 
Whether a reaction on the part of the sjmovial membrane would i*' 
occurred with injection at shorter intervals was not determined. 

The pathologic lesions that were produced in these animals "C 
an arthritis in the sense of being an inflammation of a joint, but 
did not fill the picture of the changes in the human joints as 
in atrophic arthritis (Nichols and Richardson d he bistoo..,i 


79. Young, J. S.; J. Path. & P>act. 34:357, 1931. 

80. Nichols, F. H., and Ricliardson, F. L. : J. Kxper. Afcd. 16:1-19, 190A 
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changes in the synovial membrane were somewhat similar but milder 
than those seen in atrophic arthritis. In no case was any pathologic 
change observed in the bone or bone marrow. The erosion of the carti- 
lage and the destruction of cartilage cells were slight and superficial. 
There was never any pannus formation. In the cases in which repeated 
injections of potassium iodide alone were given, no change could be 
seen in the regional lymph nodes. This was to be expected, since a salt 
in molecular solution, so far as is known, is absorbed only by the blood 
vessels. It is conceivable, however, that changes in the regional lymph 
nodes might have occurred in the absorption of the exudate and cells 
thrown out against the inflammatoiy agent that was injected. Von 
Mejrerding found that in repeated infections the regional lymph nodes 
often showed a heightened reaction to subseejuent infections, with 
increased dilatation of the blood vessels, swelling and proliferation of 
the sinus epithelium, but that otherwise there was no difference between 
single and repeated infections. In these cases no such reaction on the 


part of the lymph nodes could be made out. 

No evidence of absorption of tubercle bacilli after repeated injec- 
tions of tubercle bacilli into the knee joint was seen in the regional 
lymph nodes draining the joint cavities that had received many injec- 
tions of potassium iodide. Apparently the pathologic changes in the 
tymphatics produced by the potassium iodide prevented the taking up 
of the bacilli by the lymphatics. Boquet, Valtis and Saenz,®" in expen 
ments on tuberculous infection, showed that the tubercle bacilli, aftei 
injection into normal tissues, quickly entered the lymphatics, 
tubercle bacilli then passed to the blood stream and the viscera. In an) 
thing short of massive doses, the bacteria were found in the regio < 
lymph nodes within several hours. Powlowsky,®® in 1909, found tiat 
the dissemination of bacteria from joint caA'ities was markedly decreasec 
when an inflammation was present in the joint cavity. He did not s u ) 
the lymphatics, however. Opie observed that acute inflammation in 
the peritoneal cavity of dogs retarded the absorption of bacteria mjee 
into the peritoneal cavit)^ and after twenty-four hours wholly preven c 


the absorption of such bacteria. 

Both Job"® and Meyer observed, in older experimental aninw^-- 
that the lymphatics appeared to be less numerous and that they coi 
be demonstrated less readily; they also found an apparent decrease 
size in the lymph nodes Avith increasing age. Because of this my " 
AA'as done entirely Avith young adult animals. Job suggested a natni'H 
iiiAmlution of the lymphatic system Avith age similar to that obscr\c( 


81. von Meycrding, H. : Schweiz, med. Wchnschr. 59:593, 1929. 

82. Boquet. -A..: Valtis, J., and Saenz, A.: Ann. Inst. Pasteur 46:373. 193 • 

83. Powlowskw, A. D. ; Ztschr, f. Hyg. u. Infektionskr. 62:433, 1909. 

84. Opie, E. L.: J. Immunol. 17:329, 1929. 
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the circulatory system tor the blood. W. J. ]\Iayo stated that this 
apparent involution of the lymphatic tissue in elderly persons was a pos- 
sible reason for the decreased virulence of infection and malignant dis- 
ease in such persons. 

Because the experimental woi'k for this article had been done wholly 
on rabbits and because the lymphatic changes had been produced by 
chemicals, an attempt at corroboration of the findings was sought in 
human joint tissues. Healthy synovial membrane was obtained in twelve 
cases of infantile paralysis, in which arthrodeses were performed on 
joints. Grant '"' has recently shown that a fairly extensive synovial 
membrane with intra-articular folds was present even in the carpal and 
tarsal joints. In these cases an adequate amount of synovial tissue was 
alwa3's found attached to the cartilage removed at operation. The 
pathologic tissue studied was obtained in twelve cases ; from operations 
for the correction of deformities in atrophic arthritis in eleven cases and 
from a chronically inflamed bursa in one case. Since no injections into 
the joints or bursa could be made, st’novial tissue was studied immedi- 
ately with hydrogen dioxide as previousK' described. Sections were also 
studied microscopically in fixed preparations. .A. brief outline of the 
cases and findings is given. 


“xORJCAL” .SVXOVr.AL TISSUE 

Case 1. — A. R., years old, had infantile paralysis of four years’ duration. 
Tissue was obtained from the astragaloscaphoid joint. The synovial tissue 
treated with hydrogen dioxide showed many small lymphatics. Microscopic 
sections showed no pathologic changes in the synovial membrane. 

Case 2. — G. M., 9^4 years old, had had infantile paralysis three years before. 
Tissue was obtained from the subastragalar joint. Hydrogen dioxide demon- 
strated a fair number of small lymphatics. The synovial membrane showed no 
abnormality on microscopic examination. 

Case 3. — D. G., aged 6, had infantile paralysis of four years’ duration. 
Tissue was obtained from the subastragalar joint. The application of hydrogen 
dioxide to thin sheets of tissue showed many lymphatic vessels in the synovial 
membrane. The synovial membrane showed no pathologic lesion on microscopic 
study. 

Case 4.— L. W., 8 years of age, had had infantile paralysis four years before. 
Tissue was obtained from the subastragalar joint. Hydrogen dioxide showed a 
dense plexus of lymphatic vessels in the fresh synovial tissue. The synovial 
membrane showed no abnormality on microscopic e.xamination (fig. 10). 

C.\SE 5. — F. M., aged 6, had infantile paralysis of five and three-fourths years’ 
duration. Tissue was obtained from the subastragalar joint. Manj' lymphatics 
were visible in the synovial membrane after the application of hydrogen dioxide. 
Microscopically, the synovial membrane showed no pathologic changes. 

Case 6. N. R., aged 4, had infantile paraK-sis of two years’ duration. 

issue was obtained from the subastragalar joint. Hydrogen dioxide, applied to 

85. Gram, J. C. B.; Brit. J. Surg. 18:636, 1931. 
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the S 3 'novial membrane, showed mail}' fine Ij'inphatic vessels. The synovia! 
membrane showed no pathologic changes on microscopic examination. 

Case 7. — T. A., aged 4, had had infantile paraly’sis one and one-half years 
before. Tissue was obtained from the subastragalar joint. Many lymphatic 




C 



Fig. 10. — A, normal human synovial tissue; reduced from X • ' yiaiiy 

Inimau synovial tissue treated with hydrogen dio.xide ; reduced from X ' 
of the lymphatics have been cut across in removing the tissue. C. same as 
ing large lymiihatic vessel with branches; reduced from X 240. 


vc'sels were seen in the synovial membrane after the application 
dioxide. Tlie sNimvial membrane showed nr> pathologic lesion. 


of hydrogen 
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Case 8. — C. F.. aged 9. liad had infantile paralysis five years before. The 
tissue was obtaine<l from the calcaneocuboid joint. Hydrogen dioxide showed 
many lymphatics in the synovial membrane. The cartilage and synovial membrane 
showed no pathologic lesions. 

Case 10. — G. G.. aged 10. had infantile paralysis of four years’ duration. 
Tissue was obtained from the astragaloscaphoid joint. Many lymphatic vessels 
were seen in the synovial membrane after the application of hydrogen dio.xide. 
Microscopically, the synovial membrane showed no pathologic lesions. 

Case 12. — E. C., 9 years of age. had infantile paralysis of three years’ duration. 
Tissue was obtained from the subastragalar joint. Hydrogen dioxide demon- 
strated many lymphatic vessels in the synovial membrane, ificroscopically, the 
joint tissues showed no pathologic lesion. 

UISEASED SYNOVIAL TISSUE 

C.tSE 1. — D. S., aged 54. had chronic bursitis of the right shoulder of nine 
months’ duration. Operation consisted in incision and curettage of an infected 
bursa. The tissue showed a markedly thickened bursal wall with occasional 
deposition of calcium, old hemorrhage in the tissues and extensive lymphocytic 
and leukocytic infiltration. Fresh tissue treated with hydrogen dioxide showed 
no lymphatic vessels. 

Case 2. — E. J.. aged 38, had generalized atrophic arthritis of seven years’ 
duration. Synovectomy was performed on the right knee. The markedly 
thickened synovial membrane showed only one small lymphatic vessel after the 
application of hydrogen dioxide. Microscopic sections showed e.xtensive venous 
congestion and thickening of all the layers of the synovial membrane, with 
occasional lymphocytic and fatty infiltration (fig. 11). 

Case 3. — M.' M., aged 35. had atrophic arthritis of six years’ duration. 
.■\rthroplasty was performed on the left knee. Both hydrogen dioxide and the 
injection of india ink into the synovial tissues demonstrated no lymphatic vessels. 
The synovial membrane was markedly thickened, with extensive villous formation. 
Microscopic sections showed a thickening of the epithelial layer of the synovial 
membrane, an increase in fibrous tissue in the subserous layer and occasional 
lymphocytes about the blood vessels. 

Case 4. — E. J, (case 2), underwent synovectomy of the left knee six months 
after the first operation. The markedly thickened synovial membrane showed no 
lymphatic vessels after the application of hydrogen dioxide. ^Microscopic sections 
showed a pathologic picture similar to that described in the tissue from the right 
knee. 

Case 5. — G. P.. aged 16, had intermittent hydrops of the right knee of eight 
years duration. Synovectomy was performed. Xo lymphatics were seen in the 
synovial membrane after the injection of india ink directly into the symovial 
tissues. Two short, dilated lymphatics were seen after the application of 
by drogen dioxide. ^licroscopically. the synovial membrane showed marked 
\enous congestion, slight thickening of all the layers and occasional aggregations 
of lymphocytes about the dilated blood vessels. 

Case 6. L. M., aged 28, had atrophic arthritis of sixteen years’ duration. 

peration consisted in resection of the first left metatarsophalangeal joint. No 

ymphatics were seen in the synovial membrane after the injection of india ink 

irecth into tlie tissues or by the use of hydrogen dioxide. Microscopically, the 
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synovial tissue showed nothing but fibrous tissue. Xo vestiges of the synovial 
endothelium remained. 

Case 7. — E. F., aged 28. had atrophic arthritis of five years’ duration. 
Arthroplasty of the left hip was performed. Synovial tissue treated immediately 
with hydrogen dioxide showed no lymphatics. Microscopic sections showed 
thickening of the synovial membrane, with endothelial proliferation, an increase 
of fibrous tissue in the synovial membrane, marked congestion, slight paunus and 
erosion of the cartilage. 

Case 8, — J, M., aged 45, had villous arthritis of the left knee of ten years' 
duration. Synovectomy was performed on the left knee. Fresh synovial tissue 
treated with hydrogen dioxide showed one short lymphatic vessel. Microscopic 
sections showed a markedly thickened synovial membrane, with vascular con- 
gestion, endothelial proliferation and lymphocytic infiltration about the blood 
vessels. 

Case 9. — E. S.. aged 7, had atrophic arthritis of five years’ duration. Synovec- 
tomy was performed on the left knee. Tissues from the synovial membrane 
treated with hydrogen dioxide showed no lymphatic vessels. Microscopic sections 
showed a very thick, edematous synovial membrane, with dilatation of all the 
blood vessels and occasional lymphocytes about the blood vessels. 

Case 10. — C. B., aged 50, had atrophic arthritis of twenty-four years’ duration. 
Arthroplasty was performed on the left elbow. Fresh synovial tissue showed no 
lymphatic vessels after the application of hydrogen dioxide. Microscopic section 
showed a thickened synovial membrane, with dense fibrous tissue throughout. 
There was no vascular congestion and no endothelial proliferation. 

Case 11, — M. B.. aged 35, had atrophic arthritis of twelve years’ duration. 
Synovectomy was performed on the right knee. Synovial tissue treated 
immediately with hydrogen dioxide showed two short lymphatic vessels. 
Microscopic sections showed a villus-like projection of the synovial membrane, 
with vascular congestion and fatty infiltration. 

Case 12. — C. S., aged 37, had atrophic arthritis of nine years’ duration. 
Synovectomy was performed on the left knee. Hydrogen dioxide applied to fresh 
synovial tissue showed no lymphatics. Microscopic sections showed a thickened, 
edematous synovial membrane, with vascular engorgement and occasional 
accumulation of lymphocytes about the blood vessels. There was a moderate 
increase in fibrous tissue in the synovial membrane. 

The synovial tissues obtained from human joints confirmed the find- 
ings in regard to the lymphatics as seen in the joints of rabbits. In the 
synovial tissues obtained from the joints of patients suffering from 
infantile paralysis, in whom there was no disease of the joint clinically 
or on microscopic examination of the tissues from the joint, the lym- 
piiatics were readily demonstrated as numerous small inflated vessels by 
the use of hydrogen dioxide. In the cases of atrophic arthritis or 
chronic bursitis only an occasional lymphatic vessel, and in most of the 
cases no lymphatic vessels, could be seen. So far as could be deter- 
mined, no normalh- functioning lymphatics were present. Lymphatic 
vessels were demonstrated with extreme difficulty in such diseased tis- 
sue. Whether they had Ijecome collapsed by the outpouring of inflam- 
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matory exudate or whether they were thrombosed could not be definitely 
determined either by injections or in sections cut to show them in cross- 
section. 

It is not known exactly what role a disturbance in function in the 
lymphatic vessels play's in arthritis, but there is much suggestive evi- 
dence that it is an important factor in producing decreased absorption 
and in preventing the subsidence of the swelling in the synovial mem- 
brane. Drinker has suggested that in injury, blood plasma fills tlie 
intercellular spaces. This in turn encourages fibrous proliferation, if 
the plasma cannot readily' be removed by' the lymphatics. In this way the 
subsidence of the inflammatory reaction in tissue may' be prevented, and 
chronic fibrous tissue may' remain indefinitely if the early' inflammatory 
exudate and cellular debris cannot be removed by' the phagocytes and 
ly'inphatics. This is more than an interesting hy'pothesis. Since 1911. 
w'hen Kondoleon devised an operation for the treatment of elephantia- 
sis, supposing that it was due to ly'inphatic obstruction, investigators 
have sought the cause of persistent fibrosis and edema in tissues. Ihc 
recent studies of Reichert,*® as well as the earlier investigations of Clark 
and Clark ** and Matas,®" have shown that chronic inflammation and 
ly'inph stasis combine to produce the pathologic and clinical picture of 
elephantiasis in tissues. That its persistence is due to lack of lymphatic 
absorption is strongly suggested by the work of Menkin,®' who found 
that India ink or graphite did not reach the regional lymph nodes when 
injected into an area of inflammation. This he believed to be due to 
thrombosis of the ly'inphatics. 

coKcr.usioxs 

1. Ly'inphatics are present as abundant small vessels in the tissues 
lining joint cavities. They' are most numerous just beneath the endo 
thelial cell layer of the synovial membrane. 

2. The lymphatic drainage of the joints in the lower c.xtremity is 
through the so-called deep ly'inphatics to the ]5opliteal. deep femoral .iiu 
iliac lymph nodes. 

.3. Inflammation in the synovial tissues results in a decreased ability 
on the ])art of the lym])hatics to absorb material larger than of inolu'ii ar 

86. Drinker. C. : I.ccture I)eforc Harvard ^fcdical .Society, Xov. 13. 

S7. Kondoleon, K.: Zentrall)!. f. Cliir. 39: 1022. 1912. 

.S.S, Reiclicrt. F. I-. : Tlie KecoRiiition of Elephantia'ii.'; and of I-.IeiibaiUoid < 
ditioiiv l)y Soft Ti'^siie Rocntp;cnoKrani<:, .Arch. Sure. 20:ii4.3 f.Ai)ril) 19.'0- 

.S'), Clark. !•:. W.. and Clark. H. R.: .Anat. Rec. 21:127, 1921. 

00. Matas R.; ,\m. .1. Trop. Dis. 1:60. 191.3. 

01. Menkin, \'. : J. IF.per. Med. 53:647, 19.M. 
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size. An a])])arent ol)literation of the lyin])hatic vessels occurs wlien 
the inflammatory ])rocess is sufficientl)’ severe or long continued. 

4. With the subsidence of the inflammatory reaction, tiie lym])hatics 
are again seen in their usual .size and distribution, and absorption of 
particulate substances is again observed by the lymphatic vessels. 

5. Persistent inflammation in synovial tissues is dejrcndent to a cer- 
tain extent on the nonfuncti<in of the lym])hatic ves.sels. 
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A\ ouncls of tile great vessels within the inediastiiuun are rare atul 
are iisua y lapidly fatal. When such a vessel is injured outside the 
peiicaicium, the signs and synijjtoins arc those of massive intrathoracic 
lemon lage, whcieas if the intrajiericardial jiortion is injured, cardiac 
tamponade is apt to result. No case of repair of such a wound can he 
ound in the literature. Because of this fact and because of the iiupor- 
tance of recognizing the possibility of such a wound so as to malce 

an incision which will give adequate exposure, the following case is 
reported. 

REPORT OF CASE 

Hisloiy. S. R., a colored man, aged 34, was admitted to the Saint Pliiliji 
X-lospital, on Feb. 1, 1932, compiaining of a stab wound of the rigid side of tlie 
chest and incised wounds of the left wall of the chest and the left hand, lie bad 
received the wounds about thirty minutes before admission to the hosiiital. 

hxaiiuiuitinii.~Gii examination the iiatient was apparently in a slate of 
profound shock. There had been little external loss of blood, .and there were no 
physical signs of massive internal hemorrhage. The stab wound in the right side 
of the chest had penetrated the third costal cartilage 1 cm. to the rigid of die 
sternum. The wound in the left wall of the chest was at the level of the eigldli rll> 
in the posterior axillary line and obviously had not iienetrated the pleural eavit.v. 

I he wound on the left hand was of little importance. There was flatness at the 
lase of the right lung ]iosteriorly, indicating a moderate collection of fluid in the 
rig d pleur.d c.i\ ity, but there was no evidence of pneunifdbora.x. Aiiscnllalion over 
the pericardial area showed the heart .sounds to be distant and munied. Ind per- 
cussion did not reveal an apiireciable enlargeiiieid of the area of pericardial 
duliiess. Lec.iuse of the distant mufTled heart .sound> and the extreme rircidalori 
failure, which was out of proportion to the loss of blood, it was thought tliat <!x 
Ii.atieiit had,! wound of the heart; hence immediate operation was advi''ed. liecaii-' 

0 till! act that the wnmul was in the tipper jiorlifni of tiie 

thought that it had probably entered the right auricle ; the iiiciM'on wa^ made 
the right side. 

^ (}(•! I atiini. With the patient under local anesthesia ('a 0..s per cent s,,InU' i 

01 proiaiiie b wlrochloritfe ) , a curved inrisiim w.'is made over the second loid 

f'rom the D 


paririieiit of Surgery. Meilical College f?! X'irgiiii.i. 
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Fig. 1. — Drawing showing the excellent exposure of the right auricle and the 
intrapericardial portion of the superior vena cava and the method used to control 
hemorrhage. 



, “■ Fiiotograph taken t\vent3'-two daj-s after operation, showing the 

ocation and appearance of the incision. 
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cartilage near tlie sternum and carried downward and outward to tlic upper border 
of the fifth rib and out along the rib to the anterior axillary line. The stab wound 
was excised. The pectoral muscles were divided and retracted upward and out- 
ward, and the second, third and fourth cartilages exposed. The third and fourth 
cartilages were exeised and the second cartilage divided and retracted upward. 
The internal mammary vessels were ligated and divided. The right border of tlic 
sternum was rongeured away between the second and fifth cartilages. The right 
pleura was found to extend unusually far to the left, so the pleura was opened: 
about 500 cc. of blood was found. The pericardium was tense, and obviously 
contained a large amount of blood. A wound about 1 cm. in length was found in 
the right side of the upper portion of the pericardial sac. This wound wa.s 
enlarged and the pericardial cavity widely exposed, whereupon dark blood guslicd 
from the upper portion of the sac. Further examination revealed a wound I cm. 
in length in the anterior wall of the superior vena cava immediately above tbe 
right auricle and partially covered by' the right auricular appendage. The bemor- 
rhage was partially controlled by passing the inde.x finger of the left hand posterior 
to the vena cava, and the wound was closed with three interrupted inattre.'S 
sutures of silk. The pericardium was not closed. The pleura was approximated 
with interrupted sutures of chromic catgut, the muscles with chromic catgut and 
the skin with silk. During the closure of the wound in the vena cava, the patient 
heart began to fibrillate and continued to do so for about thirty minutes. It was 
thought that this was iirobably due to traction in the region of the sino-anricniar 
node. 


Poslofierative Course . — At the time of the patient’s return to the ward tlic 
systolic blood pressure was 90 mm. of mercury and tbe pulse was of good \olnmc 
but still irregular. On the following day, the systolic blood pressure rcni.iinci 
around 100 to 110 mm. of mercury'; the temperature remained around 100 F.. am 
the pulse rate ranged between 120 and 135. The second day after operation t ic 
temperature rose to 104 F. and the pulse rate to 140; both remained elciato 
for four days. At thi.s time roentgen examination showed areas of mcre.l^c( 
density' in the lower lobe of the right lung and in the left costophreuic aiig c. 
which were interpreted as areas of atelectasis. A moderate collection o iji^ 
accumulated in the right pleural cavity, and there was some displacement o a 
mediastinum to the left. The leukocyte count made on the second 
o[)cration, at the time of the marked elevation of temperature, was 14./ ■ 
hemoglobin, 45 per cent and the polyinorphomiclcars, 80 jicr cent ; at this tinu^ 
blood pressure was 150 mm. of mercury systolic and 120 diastolic. 1 he 
pressure remained high for about four days and then gradually fell to 120 nini. 
mercury systolic and 85 mm. diastolic. Unfortunately, elcctrocardiogr.il> i^^ 
tracings were not made until the heart h.ad regained a nornuil rhythni. sen 


which were made during the convalescence were normal. ^ 

At the time of the patient’s discharge from the hospital, on March 3, 
days after operation, the general cfindition was favorable; the piibe u.i'- r< 
and of good volume; the wound had completely healed, and exaniiii.itioii 
heart showed no abnormal ruidings in regani to size or to function. 
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NEW YORK 


It is a debated question among pathologists whether a high or a 
relatively low percentage ot gastric ulcers undergo carcinomatous 
transformation. jl.IcCarty ^ said that 68 per cent of resected ulcers 
are associated with carcinoma ; Wilensky and Thalhimer - found that 
1 or 2 per cent of ulcers develop into carcinoma. In this presentation 
I shall deal with the clinical aspects of the problem and not enter into 
the histopathologic debate. One must decide whether medical treat- 
ment is ever justifiable or whether the patient should he subjected at 
once to subtotal gastrectomy. In view of the difference of opinion 
among pathologists, one is justified in basing a clinical descision on 
the number of ulcers, diagnosed clinically and roentgenologically, that 
subsequently manifest carcinomatous changes. One must, of course, 
make a differential diagnosis between ulcer and carcinoma, and this is 
frequently difficult when the latter is in an early stage. Friedenwald 
and Baetzer ® in 1913 called attention to the use of roentgen exami- 
nation in the determination of the degree of healing of an ulcer, which 
cannot be as certainly determined in any other way. In the borderline 
cases it may he necessary to resort to a Sippy regimen before the 
roentgenologist can commit himself to a decision between ulcer and 
earl}^ carcinoma. In early carcinoma medical treatment rarely abolishes 
pain ; the lesions are not diminished on subsequent roentgen exami- 
nation and may actually have increased in size. It is not fair always 
to expect a roentgenologist to commit himself to a positive statement on 
one examination of the gastro-intestinal tract any more than to expect 
a clinician to make a positive diagnosis from a physical examination 
without the aid of laboratory data ; but if a competent roentgenologist 
has the opportunit}' to base his diagnosis of ulcer on a second exami- 
nation after a brief Sippy regimen, subsequent diagnosis of carci- 

Read before the staff of the Lewis Countv General Hospital, Lowville, X. Y., 
April 20. 1932. ' 

1. ^feCarty, Wm. C.: Surg.. Gynec, & Obst. 10:449 (iMay) 1910. 

(Feb) 191^*^'' Thalhimer, William; .•Vnn. Surg. 67:215 

. 1 . Friedenwald, J., and Baetzer. F. H.: Tr. A. Am. Physicians 28:157, 1913. 
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noma is seldom made. Buckstein ■* stated that he had rarely seen an 
ulcer diagnosed by himself wliich at a subsequent date he had been 
able to demonstrate to be a carcinoma. It is admitted that a roentgen- 
ologist with limited experience in gastro-intestinal work may liave con- 
siderable difficulty^ in differentiating the two lesions. Balfour in 1930 
reported 100 cases of gastric ulcer in which gastro-eiiterostomy was 
done without excision of the ulcer. These patients were followed for 
a ten year period, and only 6 of them died from carcinoma during that 
time ; approximately SO per cent were symptomatically well. Balfour 
admitted that the lesions were so large and fixed that any procedure 
other than gastro-enterostomy' would have carried a high mortality, 
and it was questionable at the time of operation whether benefit could 
be derived from gastro-enterostomy without excision of the ulcer. The 
clinical observations of Balfour are in keeping with Ewing'.s'' con- 
clusion, from pathologic observations, that about 5 per cent of gastric 
ulcers develop into carcinoma. 

My'- associates and I observed 460 pej^tic ulcers in the gastro-cnteio- 
logic clinic of the Fourth Medical and Surgical Divisions of Belle- 
vue Hospital from January, 1928, to January, 1932. Ihere were 332 
nonoperative cases and 128 operative cases. In the nonoperative cases 
there were 280 duodenal, 31 gastric, 14 pyloric and 7 double (a lesion 
in both the stomach and duodenum) ulcers. It is interesting to note 
that we have not seen a case clinically in which carcinoma has dcvclo]ie( 
from an ulcer. The insidiousness of the onset of carcinoma of f le 
stomach was well illustrated in the 15 cases that wc observed dm mi, 
this time; the lesion was far advanced in all when the patients weu 
admitted. Alvarez,' in 1931, reported 41 cases of carcinoma of t ic 
stomach in physicians and called attention to the fact that gastric u tcr 
is a frequent forerunner of cancer; but in 20 of his ca.scs the .sbortne. 
of the history' testified again to the insidiousness of the onset. If the ne( 
plasm were accompanied by tlie pain characteristic of gastnc net 
tliesc physicians would have been astute enough to recognize the 
toms of ulcer and would have received either medical oi sur,.,H. 
treatment. 


'I'here is an important ((uestion that must be answeied if . 
noma bears any relation to ulcer; Why doe.s one not see carcninUM 
the duodenum arising from duodenal ulcer? It is known that prana . 


Ihickstfiii. Jai'dl) : PtT>c)nnI coniiminication. 

5. Jtalfoiir, Donald C. : Hc.stilts of Ga^lro-I■'ntcr(lStolny for Llo^r' 
Duodfinim and .Stt)[nacli. .Ann, Sur^. 92:558 (Oct.) 19.10. 
fi. Dwiiijr. JaniC'. : .Ann. Siirp. 07:715 (Jinif) 1918. 

7. .Alvarc/. Walter C. : Henv Karly Do PliyMciaiw Diaeno-e Cai'or 
Stoniacli in Thi.tu-el\c- ? .A Stndv of the Hi'-torie- <<> horty-ttiH t •' 
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carcinoma of the duodenum frequently occurs, and carcinoma in this 
portion of the small intestine is more commonly encountered than in 
the remainder of the entire small intestine. Duodenal ulcer in our series 
occurred in a ratio of about 8 : 1 in comparison with gastric lesions. 
With the frequency of duodenal lesions and the relative frequency of 
primary carcinoma of the duodenum it would seem that the ulcer- 
carcinoma sequence would occasional!}' be encountered, but a careful 
review of the literature ® on this subject failed to reveal a definitely 
proved case. The transformation of the epithelial cells at the pylorus 
is gradual, and there is no abrupt change from the pylorus to the 
duodenum ; this is an added reason wh\' carcinoma should develop in 
duodenal ulcers. 

The following cases will illustrate the misunderstanding that fre- 
quently arises in evaluating the life cycle of an ulcer unless one has a 
complete history and clinical record with the roentgenologic findings 
of the case. 

REPORT OF C.^SES 

Case 1. — A man, aged 46, was admitted to the hospital on Oct. 24, 1927 ; he had 
been complaining for six months of pain in the stomach before and after meals, 
■which was not relieved by food but was alleviated by sodium bicarbonate. During 
the past three months he had lost from 15 to 20 pounds (7 to 9 Kg.). Roent- 
genologic examination of the gastro-intestinal tract on October 27 revealed carci- 
noma of the pylorus, with one third of the motor meal retained at the end of six 
hours. Operation on October 29 revealed an ulcer of the first portion of the 
duodenum, inch (1.27 cm.) distal to the pyloric vein; posterior gastro- 
enterostomy was done. The patient was followed in the gastro-enterologic clinic : 
he was symptom-free until April, 1930, when the abdomen became distended and 
he began to vomit, with loss of weight. Early in July he became jaundiced, and 
was readmitted on July 25. Roentgenologic examination on June 25 revealed 
carcinoma of the pylorus. At operation, on July 31, a carcinoma of the pylorus was 
found with general abdominal metastases and biliary obstruction; cholecysto- 
jejunostomy was done, but the patient died on August 1. 

From the history, results of roentgen examination and subsequent course there 
IS nothing to indicate a duodenal ulcer except the operator’s findings. 

Case 2. — A man, aged 61, was admitted to the hospital on June 17, 1930. The 
chief complaint was pain in the epigastrium for two months. There had been no 
serious illness or surgical operations. The patient smoked from twenty to thirty 
cigarets daily and drank occasionally, usually whisky. He stated that he had been 
well until two months before, when he began to suffer from pain in the epigas- 
trium and eructations. The pain began in the right upper quadrant of the abdomen 
near the niidline and radiated to the back on both the right and the left side of the 
spine, e.xtending as high as the scapula. It came on about four hours after break- 
ast and about the same time after lunch and also awakened him about 2 a. m. 
le pain was relieved by alkalis and somewhat by pressure over the epigastrium, 
c lad never vomited, but had always been constipated ; during the past two 

8. Hinton, J. IVilliam; Does Carcinoma of the Duodenum Ever Arise from 
nodenat Ulcers? .\m. J. AL Sc. 181:843 (June) 1931. 
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months he had noticed tarry stools. His appetite was good, but he was afraid to 

% had lost from 15 to 18 pounds 

(7 to 8 Kg.). 

Physical examination gave negative results except for abdominal findings. No 
e nite mass was palpated, but there were localized tenderness in the mid- 
epigastrium and slight costovertebral tenderness. The clinical impression was that 
t e condition was carcinoma of the stomach. On June 18 urinalysis gave negative 
resu ts , the white blood count was 10,000, with 55 per cent neutrophils ; the red 
blood count was 3,500,000 ; there was 55 per cent hemoglobin; the nonprotein 
nitrogen was 35 mg. per hundred cubic centimeters, creatinine was 2.4 mg., and 
sugar 90 mg; the Wassermann test was negative. After four gastro-intestinal 
roentgen examinations, a diagnosis of ulcer of the first portion of the duodenum 
was made with no evidence of neoplasm of the stomach and with no six hour 
residue. On June 24, a barium enema showed no organic lesions of the colon. 
On June 28, the gallbladder was not clearly defined by cholecystography. On 
June 26 this note was made by the house physician : “Patient is suffering con- 
siderable pain at night, which causes him to awaken about 2 a. m., pain being in 
midepigastrium and radiating to the back. The patient has complained of pain 
every night since admission. Impression : penetrating ulcer of the duodenum. 
Surgical consultation was held on July^ 3. The patient had been vomiting for 
twenty-four hours and was emaciated, complaining of severe abdominal pain which 
radiated to his back. Hxamination did not reveal any' abdominal masses, but there 
were localized tenderness in the midepigastrium and costovertebral tenderness. The 
diagnosis was penetrating ulcer of the posterior wall of the duodenum, associated 
with chronic pancreatitis. 


The patient was given a 3 per cent dextrose hj'podermoclysis daily and a trans- 
fusion the day before operation. He was operated on on July 11 by Dr. W. f' 
Doran, under spinal anesthesia. A mass was found involving the pylorus and was 
deemed to be malignant, but, as it was firmly fixed, glands were not obtainable for 
biopsy ; no nodules were felt in the liver. Owing to the patient’s serious condition, 

— - - ■ - -■ ■ declined 


posterior gastro-enterostomy was then done without clamps. Tlie patient 
in spite of supportive measures and died on July 20, 1930. 


The observations at autopsy (reported by Dr. D. Symmers) were as follou.'’- 
In the first portion of the duodenum there is a hard, nodular, faintly' crcam-colorcf 
mass which is centrally' ulcerated and which measures 6.5 cm. in diameter. It pm 
jects into the lumen of this portion of the intestine in somewhat mushroom fasbion, 
and appears to be directly continuous with the outer 2 or 3 cm. of the head of tlic 
pancreas which is enlarged and increased in consistence. The rest of the bead o 


the pancreas and, in fact, the balance of the organ as a whole are of normal con 
sistence. Microscopic examination of tissue removed from various parts of t le 


tumor shows the presence of a richly cellular and abundant connective-tissue sC''”"'''; 
scattered through which are innumerable acini of variable shapes and size>. ' 
individual acinus is lined by a single row of high cuboidal or low cylindric. 
einthelium, the cells being arranged on tlieir basement membrane in more or >■ 
regular fashion. In some instances, however, the cells arc heaped up into row. 
two or three, while in other instances they- may be so abundant as cornplctib 
fill the lumen, and thus to apijear as a solid mass of cells. Although the hi‘'to^ 
of the tumor is characteristic of the cylindrical-cell adenocarcinoma springing m ■ 
the pancreatic ducts and rei)roducing them in typical fashion, the presence of a 
mushroom-like tumor projecting itself into the lumen of the duodenum and .sini.) 
ing a primary growth of that region is, in nty c.xperience at least, a nio't m’ ’ ' 
finding, and constitute- jierhap.s. the outstanding feature of this [larticul.ir r.i 
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Coiuiucnt on Cases 1 and 2. — Case 1 is apparently one of a primary 
carcinoma of the duodenum that was mistaken for a duodenal ulcer; 
case 2 comes nearer to establishing proof that a duodenal ulcer may 
develop into carcinoma than has an}' case yet reported. ^Vhen the 
growth was carefully studied, however, it was thought in all probability 
to have arisen from the pancreas and to have invaded the duodenum 
secondarily. 

C.\SE 3. — man, aged 42, was admitted to the clinic on June 30, 1928, having 
complained of pain in the epigastrium tor the past year and a half. This pain had 
been coming on two hours after meals, and was occasionally relieved by the taking 
of food. It had spontaneously disappeared at intervals of from several weeks to 
several months. In January, 1928, he had been operated on for an epigastric 
hernia which was thought to be the cause of his abdominal pain, as the results of 
two roentgenologic examinations of the gastro-intestinal tract had been pronounced 
negative, but the pain was not relieved. One month after being discharged from 
the hospital he was reexamined roentgenologically, with negative findings. Examina- 
tion on June 18 revealed a pyloric ulcer, and the patient was admitted for treatment. 
He was put on an ambulatory Sippy regimen and given nonspecific strepto- 
coccus vaccine every week, the dose being increased to 1.5 cc. He progressed fairly 
satisfactorily after the first two months of treatment and was greatly improved 
symptomatically six months after treatment was started. Roentgenologic examina- 
tion on Ivlay 27, 1929, revealed an ulcer at the pars pylorica and pars media on the 
lesser curvature, but the pyloric ulcer was not found. This examination was 
repeated one week later, and the ulcer which was originally reported at the pylorus 
was pronounced healed. The patient left the city one month later and began having 
increased epigastric distress. He was admitted to St. Vincent’s Hospital, Worcester, 
Mass., and roentgen examination revealed a gastric lesion at the junction of the 
pars media and the pars pylorica. He was operated on on July 18, 1929, with the 
following findings : “An ulcer with the thick rim and crater the size of half an 
English walnut was found at the middle of the lesser curvature with large indurated 
glands in the lesser omentum, which were firmly attached. The lesion was con- 
sidered malignant and inoperable ; so an anterior gastroenterostomy was done.” 

The patient returned to the clinic two months after being discharged from the 
hospital and was followed until Dec. 4, 1930. During this time he had remained in 
c.xcellent general condition, but roentgenologic study of the stomach revealed a 
carcinoma which was progressing in size. However, the patient was maintaining 
his weight when last seen. 

Continent. — This case illustrates two very important points: (1) the 
clifticulty of demonstrating the ulcer which was undoubtedly present 
uhen the three negative roentgenologic examinations were made, and 
(2) the fact that a carcinoma may develop in a stomach which has been 
tile .site of an ulcer, but quite independently of the ulcer. 

■ ^ ^ man, aged 38, was admitted to the clinic in June, 1928, complaining 

I a ) ominal pain and stating that he had been treated for ulcer of the stomach, 
la'^ I’ast iiistory was unimportant. The patient stated that in 1922 he was having 
"hich was growing progressively worse. At that time he entered 
uTdi Hospital and was examined roentgenologically and treated bj- means 

< ic or our weeks. Roentgen examination at that hospital revealed a duodenal 
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in t!u' rhiixlennin. In .inly, he returner! to his native eomitry, f’idand, for 

three niontiis. symptomatieally preatly improved hnt not entirely well. While .aivay 
he heyan to have jiain in the stomaeh, and he retnrned to the clinic in Xnvemher, 
I'tJ'h at which time he had lost Jl) t)onnds t't Isi,'. ) in weiydit and w.as still tom- 
id.-iiniiift of pain. Roeninen vsamination revealed a carcinoma of the sloniach at 
the junction of tlie par.s nierlia am! pars pylorica. .At operation, in Deccnihcr, 192'), 
a carcitiorna was found invrdvttn; the entire .stomach from the e.sophngns to the 
rinodetinm. It apparently arose at the junction of the |vars media and pars pylorica- 
gland was taken for hiopsy, which revealerl .'idenoearcinoina, 

Ca.s'i: .s. — .V nian, aged 5J, was admitted to the clinic on July 2, 1930, liaYm? 
coinidaincd of pain after meals for four or live years. Rocnlgcn c.'cann’nation o" 
.Inite 25, I9.RI, revealed an tdcer at tite jnnction of ftie jiars media and the par-' 
pjdorica. Tlie p.atient was given an amhnlatory .Sippy diet and Satmdcr.s vaccmc 
and hccanie ,syjnptomatic;dly well within two months. On Ocf. 1. 1930, roci't 
gemdogic study of the stomaeh gave negative results. On .Ian. If/, 1931, the 
were ag.'iin negative, hut the (Kilient*’ had some pain in tlie ahdomen. On .Apn 
Imwever, lie complained of dermite jiain after meals, and roentgen examination oa 
.May fi, 19.31, revealed a rlefonuity at the iiylorie end of the stomach suggesting 
carcinoma. Ree.xaniiiiation on June -I revealed a (kTmite carcinoma of the stomaci- 
Operation was performed on .hme 8. .An indurated area was foimd on t 'e 
liosterior portion of the iiylorn.s. The stomach was freely movahle, and there "a- 
iio evidence of involvement of the liver. The gastrocolic am! gastrohcpatic 
were freed, and the dnodemnn was resected ami closed with three 
Pagcn.stechcr .sutures. Aliont one half of the stomach was then c.xciscd, am 
jejunum was brought through the transverse mesocolon and anastoinoscc to 
lower end of the stomach, according to the Fiiistercr technic, with two rov, 
no. 1 chromic catgut posteriorly and three rows anteriorly. After the anas on 
had been completed, the oiicuiug in the transverse mesocolon was suturec 
stomach W'ith three Pagenstecher sutures. The anastomo.sis between the 
and jejunum lay easily without tension. The alidomcn was closed in ana 

layers. vlonts 

When the specimen was inspected an ulcerated area was -foum! on the p,' 
which could easily he an ulcer or an earl.v carcinoma, imt my impression u- 
it was purely inflammatory. On the lesser curvature, about 2 inches (5 enn^ 
the otiicr lesion, an indurated area was found which gave every appearance 
a healed ulcer, and this apparently was the first lesion from which the 
suffered. It had entirely healed under medical treatment, the pyloric u 
of recent origin. The pathologic report was peptic ulcer ^without evacn 
malignancy, ( 

Comment . — This case reveaiecl an ulcer at tlie junction of the i 
media and the pars pylorica which healed under medical tica in 
the ulcer at the pylorue was a separate lesion and was mistaken 
early carcinoma at roentgen examination, Plistopatltologic cxatnina 
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of the ulcer failed to reveal any evidence of carcinoma, and even tliough 
it had been proved to be carcinoma it would not have home any rela- 
tion to the original lesion of the pars media and the pars pylorica. 

SUMMARY 

It is apparent that there is a great diversity of opinion among patliol- 
ogists as to the percentage of gastric ulcers in which carcinomatous 
changes develop. If one follows cases over a long period, as Balfour 
did, it is seen that only a small percentage of patients actually die of 
carcinoma when the gastric lesion is not removed, although in Bal- 
four’s cases the lesion was of considerable size at the time of the opera- 
tion. The cases reported from our clinic illustrate how unfair it is 
to draw the conclusion that carcinoma has arisen in an ulcer for which 
the patient had previously been treated, unless the original roentgenologic 
findings have been obtained for review and comparative study. It is 
my feeling that carcinoma rarety develops from a gastric ulcer, and 
that_ conservative treatment may be employed without fear of carci- 
noma developing, from an ulcer except in a small percentage of cases. 
I would maintain that a gastric ulcer is not a true indication for sub- 
total gastrectomy, if the argument for this procedure is prophrdaxis 
against carcinomatous transformation in the existing gastric lesion. 

125 East Sevenh'-Second Street. 
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KIDXEY 

Stone . — Viollc * slated that of the three kinds of urinary stones, 
o.xalatic, uretic and phosphatic, the phosphatic stones are by tar ’ 
most common. The former two types are influenced by geneial meta 
bolic conditions, but tliis is not always true of phosphatic lithiasis, since 
local conditions may of themselves sufifice to produce it. Phosp la i 
lithiasis may complicate both the other types or may replace le 
Then a slow and rather restrained lithogenic process may be 
formed into a rapid and active one. Two conditions are necessai} 
such lithiasis : precipitation and the compaction of the substance pr 
cipitated. These processes occur at two diflFerent times. 

Precipitation is in great part a function of urinary leaction, « ^ 
is chiefly a question of hydrogen ion concentration. For 
a certain amount of calcium diphosphate must be present, which can 
exist unless the pn I'ises above 6. When the urine is 
contains monometallic phosphates, but very little of the im 
phosphates. The monometallic phosphates are ver}'’ soluble, hence 
/)h on the acid side of neutral there is no possibility of precipitation^^^ 
phosphate. But as acidit}'^ diminishes, bimetallic phosphorus increc 

1. Violle, P. L. : Contribution a I’etude de la lithiase phosphatique urinaire, 
Presse med. 40:236 (Feb. 13) 1932. 
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and this ma}' be only slightly soluble, depending on the qualit)’- of the 
phosphates. If they are disodic or dipotassic, they are not harmful, but 
if they are alkaline, for example, dicalcic, they are onl}' slightly soluble. 
The danger zone for dicalcic phosphaturia begins above pn 6, which 
the author calls the zone of calcium phosphate lithiasis. The pu of 
the urine varies greatly in twenty-four hours. When it is in the danger 
zone, little variation from the usual dietary regimen, such as slight 
indigestion, is sufficient to cause sudden precipitation. Lactescent urine 
may form in the kidney, but especially in the bladder ; hence phospho- 
calcic lithiasis is chiefly a vesical lithiasis. In the bladder urine rich 
in calcium may be mixed with hypo-acid urine; then immediate pre- 
cipitation occurs. Sodium diphosphate, by double decomposition with 
neutral and soluble calcium salts, forms insoluble calcium diphosphate. 

Alkalinit}' of the urine may be due to septic or aseptic causes. The 
former are well known, the latter less so. Aseptic causes are a vege- 
tarian diet and hyperchlorhydria. The hyperchlorhj'dric subject nor- 
mally has acid urine one hour before eating. But after eating, the 
gastric hypersecretion places the urine in the danger zone of phospho- 
calcic precipitation ; the urine is at its limit of solubility, and with one 
step more passes the mark. This step is taken when the alkaline wave 
appears about four hours after a meal has been ingested following the 
crisis of hyperchlorhydria. At the time of the crisis, the urine is still 
clear; half an hour later it is flocculent, with flakes of phosphorus in 
suspension. 

The precipitation has this special feature. Owing to its prolongation 
it occurs not only in the bladder but in the kidney, as is shown by 
pain in the kidney experienced by patients at certain hours of the day 
or night, corresponding to an elevated pn- The pain may be acute, 
like renal colic, and be accompanied by the emission of phosphocalcic 
flakes or even small calculous concretions. On the other hand, the pains 
and flakes disappear together so that one fact becomes evident ; namely, 
that in a number of subjects with hyperchlorhydria, phosphocalcic pre- 
cipitation occurs at the level of the kidney. 

The cause of lithogenesis follorving precipitation is inflammatory 
irritation in septic cases and crystals in aseptic cases. Crystals are rarer 
than in oxalate or uric acid lithiasis. There is one variet}" of calcium 
phosphate lithiasis associated with profound disturbance of calcium 
metabolism ; namely, that in which the calcium in the blood is increased. 
The cause must He in avitaminosis or in a functional disturbance of the 
parathyroid glands. At any rate, irritation bi' cri'stals provokes desqua- 
mation and an exaggerated mucoserous secretion, to which erj'throci'tes 
mai be added. This exudate and desquamation form a sort of agglom- 
eration with the precipitated salts. Thus microbes, erythrocites, leuko- 
cites and cellular debris are points around which precipitated salts may 
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a high alhaline level T.'i'c / ^°'^^^"tration of the urine to 

nucleus of iihosidiatir sfon ^ oojisistcntly found bacteria in the 
^ his coincides witli the views nicthod of Heiisfrdm. 

felt, however 1 hy Violic. 

cipitates involved in ^-nrinlic 'vholc range of chemical pre- 

thc hydrogen ion concent nt in,' oalcnli and the wide variations of 
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2- Beer, Edwin: Ann. Surg. 96; 136 July) 1933. 
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in the course of months or years a stone develops in the kidney, then 
it is a true recurrence. 

If infection sets in, a totally different type of stone forms in tire 
urinary tract, kidney or bladder, or in the gallbladder. In these observ'a- 
tions concerning the urinary bladder, stagnation of urine seems to be 
the clue to the formation of stones, and it is likely that similar stagnation 
in the pelvis and calices of the kidney may contribute to the formation 
of primary uric acid, oxalate or phosphatic stones. As a result of 
infection, stones of earthy phosphates are most likel)’^ to develop, and 
the problem is to control both stagnation and infection in the kidney, 
if recurrent stones are to be avoided. Beer found that in the lowest 
calix, perhaps owing to the upright position of human beings, stones 
seem to form more commonly than in the other calices, either as primary 
stones in the calix or as extensions from a pelvic stone. 

It is Beer’s opinion that if deformity of the kidney and poor drainage 
are not controlled, dietary measures for controlling recurrence of stones 
seem to be of little value. Uric acid calculi, which are present in bet\veen 
6 and 10 per cent of all cases, probably can be controlled by diet. Phos- 
phatic primary stones possibly can be controlled by making the urine 
highly acid. Oxalate stones cannot be prevented with any regularity 
by a diet low in oxalate, although it is well worth while to advise the 
patient to avoid foods rich in oxalates. Cystine stones also are hard 
to control, although it has been suggested by some obsen-ers that alkali- 
zation may prevent reformation after removal of such stones. Recurrent 
stones in infected kidneys are much more difficult to control ; even with 
pelvic lavage and the use of antiseptics one cannot with any regularity 
control reformation. However, at operation, free drainage must be 
established from the kidney, and if possible, if a dilated calix is found, 
for instance in the lower pole, this pocket should be obliterated either 
by using mattress sutures or by resection of the lower pole if the calix 
IS very large. It is doubtful if nephrostomy with irrigation is of value 
in preventing recurrence in the presence of infection. It seems more 
advisable to rely on natural diuresis and the use of forced fluids to 
attempt to wash out the renal cavity than to rely on occasional irrigation 
through the cortex or through the ureteral catheter. However, in some 
cases in which much sand has been encountered, postoperative irrigation 
of the kidney through the nephrostomy tube with weak antiseptic solu- 
tions, such as hydrochloric or acetic acid, may dissolve some of the 
earthy phosphates and thus delay recurrence of stone. 

Beer states that results of experiments with phosphatic deposits ’ 
cystotomy have been much the same. The experiments are 
C l icult to control unless the urine is acid, and it has been found that 
t le best acidifier is 10 grains (0.64 Gm.) of boric acid and sodium 
lenzoate with 10 grains of methenamine, to which ammonium chloride 
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cniidiliniis, hydnicliIf.riV acid atid acetic acid in .solution as high as 
I : 1,000 or a l.iifTer niixltirc contaiiiitiY the sodititti atid calcium salts 
or lactic acid lia\‘c liecii ii.‘'ed stjccf.''.sfnllv‘. 

Randall ' ex'pl.'iined that atnotiji,' the various urinary concretions 
which :irc known to occur, there is some utiderstanding of causative 
factors of only one variety. 'I’liis is the so-called earth}' or triple phos- 
phatic stotie. ft has heeii rcco;:tni/.efI for .some time tliat certain bacteria 
hare a limiterl rani,'e of chemical reaction in which they normally 
thrive. Xowadar's all iKictcrioU/^ic mediums are titrated to determine 
their hydro^'cn ion concentration in order to cultivate organisms suc- 
cessfully. Jf their cultural habitat is changed in this one factor, bac- 
teriostatic or bactericidal action is obtained. Surgeons have long 
trusted to iopax as a urinary antiseptic, and in order to insure the 
generation of formaldehyde, an acid medium is necessary. For tins 
[nirposc, acidifying drugs are given by month to produce an acid ttnnt 

TItcrc i.s a rccoi^niy.cd grottp of organisms u'bich have the power of 
breaking down nrea in (he urine with the formation of ammonia, 
Staphylococcus, certain strains of Bacillus coli, B. subtilis and B. 
alcaligcncs arc characteristic of this group. They create alkaline urine 
by their ability to split urea, and having created their ideal habitat, they 
tiirive therein. With the formation of alkaline urine, there is a resultant 
precipitation of the alkaline inorganic salts of calcium, magnesium an 
ammonitim, of wliich the diaractcristic pliosphatic calculi are forme • 
Here, Randall stated, is a dear insight into this probable 
factor. Such pliosphatic calculi have three characteristics: (1) 
are the most rapid-growing stone seen; (2) once their deposition 
they are rarely superseded by the precipitation of other urinary 
and (3) they are the stones formed by the chronic stone-producers. 

Randall undertook in his clinical work so to change the 
of the urine that bacterial growth and precipitation of phosphates v'ou 
be inhibited or prevented. . 

Randall first applied such measures in the treatment of patients 
had undergone cystotomy, and there was subsequent drainage 
suprapubic fistulas. These patients had undergone 
their wounds had broken down. The wounds in these cases se 
to be related to alkalinization of the urine. At their worst t ie} 
sented ugly, sloughing, gangrenous sores, on the walls of wuci, 
even on the abdominal skin, there were likely to be encrustatioi s 
•phosphates. Such encrustations could be dissolved by topica 
tion of a 5 or 10 per cent solution of phosphoric acid, and tie i 

3. Randall, Alexander : Recurrent Calculi in the Urinary Tract, An 
96:133 (July) 1932. 
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took on a health}' appearance. In these cases an arnmoniacal odor is 
a forewarning that the wound may break down. 

Second, Randall applied slightly different measures in cases in which 
breaking down of the wound had been prevented, but a threat of injury 
to the wound remained in the form of a persistent pool of alkaline urine. 
Acidifying drugs given by mouth or topical applications to the orifice 
of the fistula were not adequate. Consequently, he irrigated the bladder 
with a 1 per cent solution of phosphoric acid. Such a solution was not 
irritating, and even a 2 or 3 per cent solution could be used without 
marked irritation. Following irrigations of the type described, normal 
acidity of the urine in the bladder returned; thereafter, this acidity 
could be maintained by administration of acidifying drugs by mouth. 

Randall stated that this finding naturally led to the attempt to accom- 
plish the same results in cases of recurrent calculi in the upper part 
of the urinary tract. As he stated, the stones which form in these cases 
practically always are phosphatic, and with this in view, he reported 3 
cases in which he had irrigated the renal pelvis postoperatively with a 
solution of phosphoric acid in the hope that by so doing infection with 
the organisms which have the characteristics described might be avoided. 
If development of these organisms could be prevented, a means would 
be secured toward the prevention of recurrent calculi in the upper part 
of the urinary tract. 

Randall experimented on dogs' kidneys by injecting 1, 3 and 5 per 
cent solutions of phosphoric acid through the ureter from a laparotomy 
incision. One kidney was removed immediately, and the second one 
at the end of forty-eight hours. He had not been able to demonstrate, 
on microscopic study of these kidneys, any evidence of injury to the 
epithelial lining of the pelvis or to the renal papillae. There rvas no evi- 
dence in these sections of any caustic action from the use of the drug 
m these strengths. In summarizing, he stated that phosphoric acid, 
1 per cent, has a hydrogen ion concentration equivalent to tenth-normal 
hydrochloric acid or approximately a pn of 1.5, and on this bactericidal 
value is based the statement that phosphoric acid, 1 per cent, is practically 
isotonic and is approximately equivalent to a gastric acidity of 100. 
He concluded that the dissolution of small phosphatic calculi, or of 
fragments left at operation, may be expected because of the recognized 
action of such strengths of phosphoric acid in vitro and the tolerance 
to such topical applications in vivo. 

Papin * analyzed 136 cases of renal lithiasis. The indications for 
radical and conserv'ative operation are outlined. Nephrectomy was 
performed on 65 patients, conservative operations on 64, and all tr'pes of 

4. Papin. E,; Etude sur la chirurgie de la litliiase renale et en particulier sur 
los methodes conscrvatriccs. .\rcli. d. mal. d reins 6:493 (ifay) 1932. 
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intcrvcnfidii were rontraindicatcd in 7 ca.sc.s. In 5 of 9 eases, death 
was clue to operative .shock tollowin.i,' the retuoval of large infected 
kidncy.s ; death in 1 of the (»ther,N was due to pulmonary congestion, 
ruj)ture of an ahuorma! artery and listula of the small intestine. 
Xephreetomy was indicated for the following conditions ; hydronephrosis 
in 17 cases; calculous pyonephrosis in 11; coralliform stones in 16; 
large stones in 6 and multiple .stones in ti; j)yeIotomy. impossible and 
nephrectoiuy dangerous in 2, and atrojdiic kidney, rctrorenai abscess 
with an infected kidney, pelvic kidney, horseshoe kidney with a fistula, 
fistula persisting after nephrotomy, rupture of the ureter and rupture 
of an nhnormal renal vein in 1 ca.‘:c each. 7’hcse indications depended 
on the integrity of the oiiposite kidney, which must have good func- 
tional capacity without signs of lithiasis, altliougli this last requirement 
wa.s not absolute. .As long as ncphrotoiu}' was the conservative opera- 
tion most often performed, it was rightly regarded as more dangerous 
than nephrectomy, l)ut today pyelotomy is used much more commonly, 
and even when nephrotomy is done it is no longer necessary’ to have 
recourse to large renal incisions, owing to the use of roentgenograph) 
and pyelography. Four of the 64 patients treated conservatively died , 
3 of these deaths occurred in the scries of 12 cases in which nephrotom) 


was performed and 1 dcatli occurred following p)'eIotomy, with sup- 
puration of the kidney, which required secondary nephrectomy) t 
represented 1.9 per cent of the ^2 cases in which pyelotomy was came 
out. In 1 case hemorrhage from the wound and in 1 case repeated inter 
nal hemorrhages occurred eight and fifteen days respectively after oper 
ation. Recurrence on the same side was observed m 0 cases, > 


five and six years respectively following operation, and recurrence o 
the opposite side in 1 case after a lapse of ten years. Bilateral cacui 
occurred in 3 cases, and the intervals between operations on the 


sides were four months, ten years and one year, respectively. 

The procedures that made this conservative operation possible 
(1) complete roentgenographic exploration, by means of both ascen m 
and descending p 3 "eIography ; (2) an incision of limited scope, 
improved methods of suture, and (4) replacement of the kidne) 


means of nephropexy over pledgets of adipose tissue. _ 

Various types of incision were used. In 10 cases 
lithotomy was carried out with good I'esults. In several cases, the 
pole of the kidney was freely incised and the incision prolonge , 
necessary, over the inferior margin of the large lower cahx. « 
cases the parenchyma was incised along the oblique fold which 
continuation of the posterior lip of the hilus ; this was done 
before and sometimes after the pelvis was opened, and by two 
technics ; a free incision from outside inward, or passing a blunt 
din needle between the posterior surface of the pelvis and t le & 
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lower calix on the one hand, and the wall of the sinus on the other, then 
through the parenchyma, carrying a silkworm suture which was pulled 
through the parenchyma. Such an incision seldom bled, and catgut 
sutures over pledgets of fat gave satisfactor}^ hemostasis. 

Small incisions of the pelvis itself do not require sutures, but if 
pyelonephrectomy requires a large incision, Papin always sutures the 
pelvis first and then the parenchyma above it. 

In many cases in which there were small stones, without much infec- 
tion, the pelvis was left open and the renal fossa was drained, but in the 
majority of cases transrenal drainage was established. Fixation of 
the kidney is important. Papin always replaces the organ in a high posi- 
tion, suspending it hammock-fashion by means of its capsule, ^^''henever 
the kidney was genuinely movable, he performed a nephropexy at the 
upper pole. 

[Compilers’ Note. — In general, the material presented by Papin 
brings out several features of renal lithiasis; 1. Early recognition of 
the disease is associated with a more conserr^ative operative procedure 
which may be undertaken with slight risk. 2. In a variable number of 
cases (from 4 to 20 per cent), depending on the chemical type of the 
calculus and the nature of the infection, renal lithiasis is recurrent, and 
prophylactic treatment against recurrence over a period of years must 
be carefully carried out. 3. The author advocates surgical drainage of 
the kidney and its fixation in a position to insure adequate physiologic 
drainage, for these features constitute pertinent factors in restoring 
the kidney to an uninfected state and to a maximal degree of functional 
capacity. 4. The selection of cases for nephrectomy or for a consen'a- 
tive operation will depend on surgical judgment in each instance. 
5. Papin’s estimate of good results followed cases in which conser\’ative 
incision of the kidney or renal pelvis was undertaken. His criteria for 
nephrectomy are well founded. Furthermore, they are consistent with 
the clinical judgment of most urologists, in spite of the present-day well 
merited emphasis placed b}- American surgeons on conservative renal 
operations.] 

^^'oytek ° stated that “pseudonephrolithiasis” is the term applied by 
Allemann to that syndrome in which the symptoms are caused b}- organic 
mflammatory kinks and strictures in the upper part of the ureter, caus- 
ing disturbances in function. Such cases simulate closely the cases of 
true stone, since colic and microscopically obsen-ed hematuria are often 
present. The cause is usually an inflammator}’^ process in the perirenal 
tissue or the kidney itself. Movable kidneys are associated with only 
a small number of cases. 

tck fiber "Pseudonephrolithiasis.” Beitr. z. klin. Chir. 156:389, 
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sisted for the inos^ ZToh 7^' experience, have con- 

pcripelvic ronnnrft . !• ' . ^ ^uiomalous renal blood vessels, (2) 

(3) inrrowiniT / n ^‘'‘"sing angulation and collapse of the ureter, 

;un«.,rc owing ,o' laeci^-rZ?, ^“r. ““ 

13 cases aS'wWch form'lhf ,7™ "'“'‘'''S in a series of 

sion of nennetxrtf' • paper consisted of; (1) divi- 

collapse of the ureter"7?r^ causing angulation and 

tion in th^ • 1 ■ of the ureter from its lateral inser- 

transplantatiLrf7hrur7e7ra^^'‘"r^^^ 

vessel that Jc 1 ei to a position away from an anomalous renal 

the distended ° (^) resection of the renal pelvis, 

In “5 rncpc 1 j ^ to assume a dependent position. 

cessftilly nnderv7nt°bd7'rT pa^'ents sue- 

than three years a?o and 7 

been in excelJent hi/th sin ^ 

tion of tbp ni-'i-, operation, without evidence of obsfruc- 

have been appIfe^OTirto tl ^ procedures 

3 o the kidney which gave sjmiptoms of obstruc- 

6. Walters, Waltmnn • -d • 

Operations for Hx-arcc i. Resections of the Renal Pelvis and Other Plastic 
55:508 (Oct.) I 932 ®nd-ResuIts in 15 Cases, Surg., Gynec. & Ohst 
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tion and which displayed the largest degree of hydronephrosis. Equally 
good results have been obtained in these cases. The remainder of the 
cases in this series were of unilateral hydronephrosis. 

Postoperative complications which are likely to ocair are : ( 1 ) reten- 
tion of urine wdthin the renal pelvis, which can be controlled by the 
temporary use of an indwelling ureteral catheter ; (2) p 3 -elonephritis, 
which has been controlled by intravenous administration of neoarsphena- 
mine and mercurochrome ; (3) extravasation of urine about the kidney- 
from the line of anastomosis, and (4) the development of cortical 
abscesses secondary to pyelonephritis. If the last condition develops, 
nephrectomy at the earliest possible moment should be performed. 

Tuberculosis . — De la Pena and de la Pena " in a review of 325 
cases of renal tuberculosis reported that they have found 22 cases of 
complete ureteral obstruction (6.7 per cent). All of the patients except 
1, from whose opposite kidne)' considerable evidence of infection with 
acid-fast bacilli also' was obtained, were subjected to nephrectomy, with- 
out resulting fatality. During the last six years the authors have 
observed 2 cases in which autonephrectomy was produced following 
surgical procedures for different conditions. Nephrectomy was per- 
formed in both, without fatalitj'. 

E. de la Pena undertook experimental studies on autonephrectomy. 
In rabbits and female dogs, occlusion of the ureter was produced by 
means of ligature and endoscopic electrocoagulation respectively. Thirt}’ 
or more days after the experimental occlusion, nephrectomy proved to 
have been a very safe procedure. From this experimental study it was 
inferred that endoscopic electrocoagulation, with a moderate spark and 
low milliamperage, for the purpose of causing occlusion of the ureter, 
was a safe procedure. Only one dog died ; this death may be attributed 
to the fact that experiments were being performed to learn the greatest 
spark intensity that could be used, and consequent!}'" the technic was 
faulty. Peritonitis ensued, and death followed. After these studies 
the authors had the opportunity to apply the conclusions they had 
reached in 2 cases of renal tuberculosis. The ureters were occluded 
by fulguration from two to three weeks prior to nephrectomy; in both 
cases good results were obtained. 

The possible dangers attendant on the production of ureteral 
obstruction by means of electrocoagulation are lessened by leaving a 
ureteral catheter in place for a few days. Once the acute signs of 
congestion produced by the electrocoagulation are past, the catheter 
ma}- be removed, and contraction of the cicatricial scar will slowly pro- 

7. de la Pena, .-Mfonso, and de la Pena, Emilio: Artificial Occlusion of the 
Ureter Previous to Nephrectomy in Early Renal Tuberculosis ; Preliminarj- Report 
of Experimental and Clinical Study, J. Urol. 28:343 (Sept.) 1932. 
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ilucc uccliisioii of the meter, if e!cctrncoa:,mlation of the intravesical 
portion of the ureter is insiirneieiil, the flow of urine may prevent its 
closing. In such a ease, two or more treatments l)y electrocoagulation 
will bring about closure. If complete occlusion of the ureter from the 
infected kidney is induced, the bladder atid genitalia are protected from 
infection. .Also, the other kidney is protected from infection by reflux 
from the bladder. The condition of (he bladder seems to improve after 
closure of the ureter. ‘I'his occlusion is ajjparcntly an aid to the devel- 
opment of compensatory hypcrfunction of the remaining healthy kid- 
ney previous to nephrectomy in cases of unilateral renal tuberculosis. 
It seems to diminish the ri.sk of death from nephrcctom}', and it also 
seems to be the best treatment for tuberculous cv’stitis in unilateral 
renal tuberculosis. Sudden hydronephrosis and pyonephrosis are possi- 
ble dangers; peritonitis, if the technic is faulty, is a more remote danger. 

Lieberthal and von Huth stated that physiologic excretion of bac- 
teria by the kidney does not occur. Some bacteria may pass through 
the kidney and appear in the renal tubules after severe renal injury, 
such as rupture of blood vessels, severe epithelial degeneration or 
glomerulonephritis, has been produced by the organisms and their tox- 
ins. The authors stated that bacilli of tuberculosis do not pass throug 


the kidneys, from the blood into the urine, under any circumstances 
because of the comparative!}' mild immediate action of that organism 
on the renal tissues. Bacilli of tuberculosis rarely appear in the rena 
tubules, and then only as the result of a direct extension of a tubercu 
lous lesion through the wall of Bowman’s capsule or the wall of t £ 
tubule. They also stated that “true” excretion tuberculosis never occurs 
in the kidney, and “false” excretion tuberculosis occurs relatively se 
dom. Tuberculous lesions in the medulla of the kidney are 
hematogenous. Previously induced traumatic, degenerative or in 
matory lesions of the kidney do not malce that organ permeab e or 
bacilli of tuberculosis. Tuberculous lesions in the renal parenciy^^ 
which do not communicate with the renal pelvis seldom, if ovor, gw 


rise to bacilluria. . 

The kidney has a peculiar immunity to hematogenous infection wi 
bacilli of tuberculosis because of its copious blood supply and the co 
paratively large caliber of its blood vessels. Bacilli of 
which are circulating in the blood tend to pass through the circu a i 
of the kidney to lodge in other organs. Infection of the kidney oc 
only if local disturbances in the circulation or the presence of the 
of tuberculosis in larger masses which cause embolism allows the 
ism to lodge in the renal tissues. Tuberculous nephritis does not e/ 


8. Lieberthal, Frederick, and von Huth, Theodore: ^^g5;440 

and Excretion Tuberculosis : Experimental Study, Surg., Gynec. & O s . 

(Oct.) 1932. 
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Day ® stated that when a tuberculous lesion has advanced to the renal 
pelvis or collecting tubules, renal tuberculosis never completely heals 
because of the handicap of hindered drainage and back pressure owing 
to tuberculous changes in the ureteral wall; that is to say, aside from 
other possible reasons, a tuberculous kidney excreting bacilli of tuber- 
culosis cannot heal because an incurably strictured ureter interferes 
with normal drainage and peristalsis. When complete healing does 
occur, the tuberculous process is limited to the cortex. Day further 
stated that until the tuberculous process has extended to a calix or the 
collecting tubules, pus and bacilli of tuberculosis of renal origin will 
not be found in the urine, and therefore, up to this time, renal tubercu- 
losis cannot be said to have been "clinically established.” 

Ptosis . — Braasch stated that when nephropexy was so widely 
employed about twenty years ago, cures were claimed as a result in a 
variety of complaints and conditions, varying from backache to insan- 
ity. In recent years, renal fixation has been revived by the urologist, 
and many different attitudes exist regarding the surgical treatment of 
ptosis of the kidney. The two extreme views are that surgical treatment 
is never indicated, and that in most cases of nephroptosis operation 
should be performed. Adherents to a third view are of the belief that 
suspension of the kidney is indicated in selected cases only, but there 
is considerable difference of opinion as to methods of selection and as 
to the proportion of patients who should be so treated. The liberal 
members of the group would include many cases with symptoms 
referred to the kidney, whether or not there is evidence of pyelectasis 
or urinary retention on urography. The conservative element does not 
consider operation advisable unless there is definite urographic evidence 
of renal obstruction, as well as pain referred to the region of the kidney. 

Pyelectasis and renal stasis should be the indications for operation 
and not the degree of ptosis as shown in the urogram. The importance 
of correct interpretation of the urogram is evident in the selection of 
patients for nephropexy. In extreme cases pyelectasis is easily recog- 
nizable. 

Subjective relief should not be relied on unless a year or more has 
elapsed since operation. At the end of this time, in most cases, either 
the symptoms will have returned or other symptoms of a similar nature 
will have appeared. Urographic studies should be made following 
nephropexy in order to determine the results accomplished. If renal 
stasis was caused b}' nephroptosis, evidence of pyelectasis should be 

1 ^ ^ Tuberculosis ; Why Clinically Established Renal Tuber- 

culosis Rever Completely Heals, California &: West. iled. 37:217 (Oct.) 1932. 

(Editorial). Surg., Gynec. & Obst. 53:247 
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(.■itluT reduced tn- entirely eliminated. Clinical examination of a con- 
siderable mimber of patients observefi .several yeans after operation b}' 
various surgeons for |)tosis f)f the Icidney wmild lead to the conclusion 
that the proportion of patients who obtain satisfactory relief of symp- 
toms by renal I’lxatir)!! is comparatively small. Renal fi.xation without 
regard to any evidence of renal obstruction is not desirable. 

Attonicilw — McNally ” reported an additional case of unilateral 
renal agenesia in wliicli the diagnosis was made clinically by cystoscopy 
and intraveiunis pyclograidiy. .Vineteen other cases were reported from 
the literature. I)ringing the total of reported cases to 466. dbese 20 
cases are in agreement with the j)rovions compilations in regard to the 
side on whicli the agenesia occurs most often (the kidney' being absent 
on the left side in 15 cases), the cotulition of the ureter and the fre 
cjuencv of associated malformations. 'J'be importance of recognition o 
the condition before renal surgery is undertaken, is stressed. 

)\'alters and Priestley declared that in all cases in wbicb an 
al)clominal mass is present, a horseshoe kidney should be consi ere . 
They stated that nintsual difficulty in freeing either renal pole in tie 
course of surgical procedures on the kidney' should arouse suspicion o 
the presence of fused kidney'. Pused kidneys may' be the site o y 
type of pathologic change that is seen in the normally' developed 
hut are more subject to diseases incident to urinary stasis, n 
cases, fused kidneys lie median to the position that would be 
by a normal kidney. Various degrees of dystopia and inclin^ion o ^ 
or the other side may occur. Males are more commonly afflicte ^ 
horseshoe kidneys than are females. The importance of pyj 
examination before renal operation cannot be overemphasized, 
tions in function of horseshoe kidneys depend on the pathologic c 
present, except when one kidney' sufifers arrested de^ elopme 
portions of the ureters that are near the bladder usually are in n 
position. The mortality follow'ing operation on 50 patients ui i 
shoe kidneys seen at the Mayo Clinic was 2 per cent. 

[Compilers’ Note. — The diagnosis of horseshoe kidney 
fied at operation in 68 cases observed at the Mayo ^ Of 

information was obtained concerning 58. Five patients ha le 
the 53 remaining patients, 25 stated that they had no as 

able to the genito-urinary tract, and 15 had minor comp am s 
slight burning or frequency. This is in contrast to the opim 
by many urologists that these patients, after once having tiou 
retain some symptom of disease referring to the urinary tract. 

11. McNally, Andrew: Unilateral Renal Agenesis, J. Urol. 28.- 

1932. . , , A i?evie"’ 

12. Walters, Waltman, and Priestley, J. B. : Horseshoe 1 i uey- 

68 Surgical Cases, J. Urol. 28:271 (Sept.) 1932. 



SCHOLL ET JL.— REVIEW OF UROLOGIC SURGERY 415 


The morbidity of horseshoe kidney is clearly seen in the relation 
between its occurrence and the frequency with which it requires surgical 
intervention. In a collected series of 68,000 postmortem examinations 
Carlier and Gerard found 80 horseshoe kidneys, or 1 in ever}'^ 850 
subjects. In an earlier paper from the Mayo Clinic in which a ten 
year period of renal surger}' was reviewed, 2,424 operations were per- 
formed on the kidney for various conditions; 17 of these were on horse- 
shoe kidneys, or 1 in every 142. 

Knowledge of the stages of embrj-ologic development by which the 
kidneys are fused permits a better understanding of the pathologic con- 
ditions which result in later life.] 

Aneitrysiii . — Lozzi stated that arteriovenous aneurysm of the 

renal vessels is extremely rare, but that about 40 cases of aneurysm of 
the renal artery alone have been reported. In experimental work he 
produced a permanent arteriovenous fistula, and studied the anatomic 
and functional changes produced in the kidney. He established anasto- 
mosis between a renal artery and vein in twenty-four large dogs, all 
in good general condition. The operation was done on the right side, 
because access is easier there and the artery is longer. In only four 
animals did he succeed, however, in making a fistula which could be 
regarded as permanent. In some cases that were technically successful, 
the fistula became obliterated, either through simple occlusion of the 
communication or through partial or total thrombosis of the lumen of 
the vessels. This Lozzi attributed to the small caliber of the renal ves- 
sels. In order to control hemorrhage and obtain an immediate good 
result he had found it necessar}^ to choose vessels of relatively small 
caliber, especialty arteries, and this fact contributed greatty toward the 
formation and deposition of thrombi which occluded the fistula or, 
more often, the artery or vein in question. The best permanent results 
were produced when the caliber of the vessels was larger, providing 
wide communication without too much restriction of the lumen. It was 
important to make the sutures with extreme delicacy and the finest 
Carrel needles, so that there should be no laceration or enlargement of 
the opening made by them. 

In every case there was diminution of the peripheral pulse, and 
sometimes complete obliteration. Changes of rhythm or pulse rate were 
observ'ed. On the other hand, the kidney became turgid, with a 
rapid increase of volume and consistence, which was sometimes of great 
intensity. In a few cases there was a “thrill” on palpation, with reen- 
orced systole, above and below the fistula. When the fistula was 
permanent, there were changes in the caliber and structure of the vein. 

r, ^'unazio; -■\ncurisma artero-venoso sperimentale dei vasi renali, 

lohdimco (sez. chir.) 39:357 (Tune) 1932. 
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J here was always venous enn.i.'estioti of (he renal parenchyma, kit sacci- 
form or fusiform dilatations n{ the anastomosis never occurred. In some 
eases foci of hemorrhagic infarcts occurred, owing to the ease with 
which small thrnmhi heeame ff)rmcd and dclnchccl soon after the fistula 
was made; in only •} cases was there a total infarct of the kidney. 

Chief among the functional disturhances observed was hematuria 
of greater or lesser degree, appearing as soon as the kidney began to 
function and consjiicuous during the first two or three days, but per- 
sisting in microscopic amount .several days longer. As there were never 
any varices of pelvis or caliccs, Lozzi thought that the hematuria was 
always due to diapedesi.s. Whenever the fistula remained open, albumin- 
uria was aluuukuU ; it lasted longer than hematuria, and, like the latter, 
was to be intcrjirctcd as clue to congestion and epithelial degeneration, 
whenever it was not the expression of a hemorrhagic infarct. Cylin- 
drnria was present during the first days, the cylinders being hyaline 
and epithelial at first, and gr.amilar later. 

All these disturbances indicated the changes undergone by the renal 
circulation following sudden anastomosis. The concentration of nitrogen 
in the blood, which in all the animals was about 0.2 mg. in each 100 cc. 
before operation, rose suddenly on the clay following, reaching 
some animals from 0.55 to 0.6 mg., and remained higli for several days 
until renal function had improved. On the first t\vo days after opera- 
tion the vascular disturbance was so great as to stop nearly all function 
of the kidney. Elimination of intravenously injected sodium indigotin i 
sulphonate U. S. P. (indigo carmine) was delay'^ed, being prolonge 
sometimes from fifteen to twenty minutes on the side on which 
tion was performed. But the most exact expression of a change o 
function was given by the elimination of phenolsiilphonphtha ^in. 
Although this was not delayed, elimination of the drug was de cien , 
the amount eliminated in the first hour being in some cases 
from 10 to 15 per cent. Ten cases in which the fistula became ° 
ated were of interest because it could be observed that the 
deficit of the kidney on operation was exactly proportional to the e^,! 
of arterial stenosis left by the operation. _ 

Resection . — Stone stated that heminephrectomy is 

presence of nonmalignant changes when the disease is linu e 
single section of a double kidneys, and there is a sufficient secretory ‘ 
in the other segment to make conseiwation worth while. ^ 
embryonic cleavage plane exists between the segments, it is not ne 
sary to compress the vessels to the segment to be left or to c o 
exposed surface of the remaining kidney^ Stone added that it is 
to expose the entire blood supply of the double organ before lesec 
and to suspend the remaining segment. 

14. Stone, Eric: Heminephrectomy, J. Urol. 28:301 (Sept.) 1932. 
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No deaths were reported in the cases reviewed by Stone. In 3 cases 
the remaining segments had to be removed later. In 22 of 30 cases 
in which heminephrectomy was performed, the symptoms which led 
to the operation were relieved. In 2 cases a urinary sinus persisted. 
Both operations were performed by Rumpell. The first of these opera- 
tions was stated to be the first heminephrectomy ever performed, and 
it is probable that a calix was entered and the condition was not recog- 
nized ; in the other case the ureter to the sound segments was 
accidentally destro3fed, and the ureter to the diseased segment was anas- 
tomosed to the normal pelvis. 

Denervation . — Lozzi published follow-up data on a series of 20 
patients on whom he performed renal decapsulation, and reported the 
late results of the procedure, which were almost uniformly good. 

The kidney is innervated by a special plexus formed by fift)'-six 
small trunks which anastomose ; these run particularly on the posterior 
surface of the vascular peduncle, and are more or less adherent to the 
adventitia, thus making a large meshlike reticulum around the vessels. 
A second network, more delicate and fine, visible only through the 
microscope, forms part of the adventitia of the artery, and receives 
small anastomosing branches from larger superficial trunks. All these 
nerve fibers, joined at the renal hilus, penetrate in part into the organ, 
while others, corresponding to the internal aspect of the fibrous cap- 
sule, are distributed centripetally, at various intervals, in the cortical 
substance. These nerves, if interrupted, regenerate with marked 
promptitude, so that by the end of forty-five months they are com- 
pletely restored. 

The function of the renal plexus is to exert a lively vasomotor 
action on the arterial circulation of the organ. Renal decapsulation 
would cause interruption of all these fibers which make connection with 
the fibrous capsule, and would thus result in partial denen^ation of the 
kidney. A thorough search of the literature on the subject does not 
confirm Edebohr s view that the good effects of renal decapsulation are 
attributable to the development of collateral, arterial and venous circu- 
lation. If this were the case, the good effects would be obsen-ed onlj’ 
after the lapse of a certain period of time, whereas, on the contrar}', the 
satisfactory results appear suddenly, immediately after removal of the 
capsule. Lozzi attributed them to the beneficial nervous influence 
exerted on the vascular system. In addition, decapsulation also con- 
cerns sensory fibers, as is shown by the large number of cases of 
nephralgia in which cure is effected. Not only does it produce no 
injurious disturbances either in the parenchj'ma or in function, but it 

15. I^zzi, Vananzio: Risultati lontani della decapsulazione ed enervazione 
fcnalc, Pohclinico (sez. chir.) 39:84 (Feb.) 1932. 
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even, tliroiigil improved circulation, promotes a better state of nutrition 
and therefore of renal fimction. As soon as decapsulation has been 
performed, the kidtiey increases in size aiul assumes a more arterial 
color, as the result of vasodilatation, especially venous. This vasodila- 
tation must he cxjjlnined as the elTect of a vasomotor influence from a 
nerve lesion. 'J'his view is sui){)nrted by Valdon's c.vpcriments, in which 
vasodilatation was obtained only iti the decaj)sulatcd portions. 

Clinically, the hypothesis of vascular action is supported by numer- 
ous arguments, such as its immediate occurrence, c.xplainabic only by 
the cessation of a nervous action on the vessels, and the immediate 
cessation of pain in acute nephralgia, which could be the result only of 
destruction of the ca])sular sensory terminations of vascular action. 

A review of the literature reveals that the results were good in the 
majority of cases on record. Lozzi*s own 20 cases included 3 of anuria, 
S of painful hcmaturic nephritis, 2 of adhesive perinephritis and 2 of 
pyelonephritis. In 19 cases there was cither cessation of the syndrome 
or marked improvement. The late results can also be regarded as sat- 
isfactory, since clinical cure persists in about 75 per cent. In 1 case of 
anuria only' did death occur after operation, owing to the presence of 
a small calculus in the ureter of a solitary kidney which had been over- 
looked in the roentgenogram. Two deaths resulted from uremia one 
and two years respectively^ after decapsulation. Permanent clinical cure 
had been obtained in the remainder of cases. Late functional tests were 
perfect, after decapsulation and enervation. The rapid reestablishment 
of diuresis after anuria and the disappearance of the clinical symdrome 
in cases of painful hematuric nephritis must be regarded as due soley 
to a vasomotor effect exerted on the vascular sy'stem of the renal paren 
chyma which, through improved conditions of circulation, necessan y 
underwent improvement both anatomic and functional. Even in cases 
in which decapsulation was applied without precise indications, it pW 


duced immediate and lasting satisfactory results. 

Perinephritic Abscess. — Crenshaw*® reported' 2 cases, which ser\e 
as reminders of the fact that the occurrence' of a perinephritic abscess 
rupturing into a bronchus is rare. He reported that this complication 
does occur and should be thought of when a perinephritic abscess 
accompanied by a cough, particularly when the patient is in the recum 
bent position, or by excessive sputum and elevation of the diaphragm, 
and conversely, that it should be considered when pulmonary syrnpfo^® 
are accompanied by or preceded by findings suggestive of renal disease- 
He stated that early diagnosis and earty drainage of the perinep ci ic 
abscess would greatly reduce the pulmonary injury. 


16. Crenshaw, J. L. : 
427 (Oct.) 1932. 
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Infectiau . — Hyman and Edelman stated that invasion of the blood 
stream in diseases of the urinar}'^ tract is not uncommon. Two types of 
infection are generally recognized : bacteremia, which is generally transi- 
tory and is attended by little if any mortality, and septicemia, which is 
grave and is attended by high mortality. The majority of infections 
of the blood stream observed by the authors were due to some form of 
urethral instrumentation or originated after operation. Forty-five 
of the 64 cases studied were due to bacillary infections, with a mortality 
of 20 per cent; 19 were due to coccal infections, and 68.4 per cent of 
the patients died. The main factor in treatment is adequate care of the 
primary focus of infection. 

Tumors of the Renal Pelvis . — MacKenzie and Ratner stated that 
the types of tumors that arise in the renal pelvis are similar to those that 
occur in the bladder. Most of them are derived from mesodermal tis- 
sue. About from 40 to 50 per cent of all tumors of the renal pelvis 
are papillomas. They usually are multiple and appear as villous or 
wartlike growths similar to those found in the bladder. Often there 
is one large tumor, with several smaller tumors surrounding it. Fre- 
quently these growths are associated with salty incrustations and even 
with definite calculi. 

Papillary epithelioma comprises about from 20 to 30 per cent of 
the growths of the renal pelvis. These tumors are also wartlike, but 
appear more compact and involve a greater area than the simple papillo- 
mas. In the early stages of the growth there is definite evidence of 
involvement of the submucosa, and later the renal parenchyma is 
encroached on. In advanced cases there is usually distention of the 
renal pelvis, and multiple cysts are present in the cortex of the kidney. 
These tumors are also extremely vascular and bleed easily. 

Squamous cell carcinoma comprises a small group, but a fair number 
of cases have been reported in the literature. The importance of previ- 
ous infection as a causative agent should be emphasized. Leukoplakia 
with calculi also seems to play a part, as several of the cases described 
have been associated with these conditions. The lesions grow rapidly 
and involve the renal parenchyma and the surrounding tissues. 

The most outstanding symptom in tumors of the renal pelvis is 
hernaturia. Pain is not a constant symptom. At times a patient com- 
plains of a dull ache in one or the other loin. Occasional^ there is 
typical renal or ureteral colic. This is due to the passage of a small 
transplant or blood clot down the ureter. Severe pain may also result 

17. Hjman, A., and Edelman, L. ; Medical and Surgical Aspects of Hema' 
logcnous Infections in Urologi-, 1- Urol. 28:173 (Aug.) 1932. 

18. MacKenzie, D. W., and Ratner, Max; Tumors of the Renal Pehas; A 
Kcvicw of the Literature and Report of a Case, J. Urol. 28:405 (Oct.) 1932. 
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when (»l)stfuctinn occ'iiis .'it (iic iirctcropolvic angle,* causing liydro- 
nephrosis nr lienKUonejdirosis, 

Jn a large nnnil)er ni eases a mass cannot he palpated. This is 
j)articiilarh' (rne when the gn)Wth is small or when it is spreading 
toward tin; upper pole of the kidney. 'J'hc most common cause of a 
palpable tumor is prohahly associated hydronephrosis or hematonephro- 
sis due to some form of obstruction. 

MacKenzie and Katner further stated that although simjde papilloma 
of the renal ]H‘!vis is benign, clinically it is potentially malignant. It 
has the property of forniing transplants in the ureter and bladder and 
even in the oppresite ureter. 'J'he most mahgnant papilloma gives a 
better prognosis thasi other malignant growths of the renal peh’is. The 
most malignant tumor of the renal pelvis is the squamous cell cardnoma. 
It metastasizes early and c.xtcnsiveh’. The results are poor even when 
treatment is given early. 

I\IacKenz!C and Katncr stated in conclusion that on account of the 
tendency of tumors of the renal pelvis to e.xtend down the ureter and 
even to the bladder, llie treatment of choice today is nephrectomy and 


complete ureterectomy'. 

Pararenal Tumors .- — Didier and Leibovici reported 2 cases of 
paranephritic fibroliponias ; one tumor weighed 3.75 Kg. and the other 
10 Kg. Although these tuiuors are very large, growths have been 
observed that weighed as much as from 20 to 30 Kg. They occur more 
frequently among women, and have occasionally' been diagnosed as 
ovarian cysts. Histologically’, the tumors are usually' fibroliponias, 
rarely' do they' become malignant; nevertheless they have a tendency 
to recur locally', so that even if operated on, they' usually' cause deati 
from cachexia in a few y'ears, the patient becoming emaciated as ic 
tumor grows larger. The great size of these tumors, the plane o 
cleavage sometimes to be found between their several lobes, and then" 
tendency' to put forth distant prolongations make it impossible to deter 
mine whether the growth has been entirely' removed. Rarely has ic 
diagnosis been made clinically. At present it would appear that mo ern 
means of diagnosis are at hand which, if they do not permit an abso 
lutely exact diagnosis, at least eliminate certain current diagnoses, suc^ 
as ovarian cyst. Use of the barium sulphate enema would show i 
exact situation of the tumor relative to the colon, which these grov 


flatten and generally empty of gas. , 

The condition of the kidney is of diagnostic aid. Usually t m ^ 
ney is destroyed either by the tumor or at the time of opev^ 
(removal). Consequently, the function of the opposite kidney 
be determined before operation. More than half the operations 


19. Didier, Robert, and Leibovici, Raymond; Deux volumineux 
paranephretiques, Bull, et mem. Soc. nat. de cbir. 58:1068 (July 16) 
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pararenal tumors have ended with total extirpation of the kidney, the 
sacrifice of which has often been unnecessary. In many cases, the 
kidney is not invaded by the growth and can be separated from it and 
conserved ; renal adhesions are usually only to the capsule. If the tumor 
is at points adherent to the -parenchyma, it is easy to detach a small 
section of the renal tissue with the tumor. 

The first step in the operation should be to find the ureter at the 
lower pole of the kidney. Whether the operation is performed by the 
transperitoneal route, as is occasionally done, or by the lateral subperi- 
toneal route, the method favored by Didier and Leibovici, it should 
always be possible to find and isolate the upper part of the ureter. Con- 
servation of the kidney, in fact, usually depends on the renal pedicle. 
If the pedicle can be isolated, conservation should be attempted, unless 
the kidney appears diseased. If, however, the renal vessels penetrate 
within the tumor, and if to conserve them one must risk performing an 
incomplete operation, the kidney must be sacrificed. 

Differentiation of Right-Sided Renal Disease from Appendicitis . — 
Salleras asserted that there is an extraordinar)^ amount of confusion 
in the diagnosis of right-sided nephrosis and appendicitis. The type of 
pain and its situation are of no value for diagnosis, as they may be 
exactly the same. In painful renal diseases, however, there are almost 
never lacking such vesical reflex symptoms as pollakiuria, dysuria and 
oliguria which may end as the pain declines with marked polyuria and 
with the elimination of several liters of urine, according to the length 
of the attack. In appendicitis, on the contrary, nothing like this occurs. 
In both conditions, the symptoms are the same. The ureteral catheter 
will reveal a stone if it is in the urinary tract. Examination of urine 
from the ureteral catheter frequently reveals infections which cause 
pain simulating appendicitis. 

The pyelogram, however, gives the most accurate differential data. 
In some cases it discloses slight uronephrosis caused by an anomalous 
vessel. A pyelogram likewise shows up stones which may be permeable 
to roentgen rays, thus preventing confusion. After the injection of 
pyelographic mediums repeated roentgenograms, taken at intervals of 
ten minutes, not only help in making the diagnosis, but also show the 
state of contractility of the renal pelvis. 

The occasional renal, vesical or perinephritic complications secon- 
dary to acute appendicitis make pyelography doubly important. Salleras 
described cases in which the appendix was low in Douglas’ culdesac and 
caused reflex vesical symptoms, cases in which retrocecal appendix was 
complicated by perirenal abscesses and cases in which a perforated 

I-’ T: Uronefrosis derecha j- apendicitis, Rev. Asoc. mM. argent. 

^G-.478 (June) 1932. i . 
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appciKlix was in contact with the renal [)c!vis. Tic also ohscrvccl cases 
of hematuria secondary to aenfe appciulicitis, in wliicli appendectomy 
caused compleli' cure, a fact that can he explained by the action of 
toxins or niicro-orqanisnis whicii reach tlie kidne_v by way of the blood 
stream. 

f Com iMi.i'.Ks’ Noti:. — It seems proper to emphasize that in dealing 
with doubt fid cases of so-called chronic appendicitis or pain on the 
rip:ht side of the abdomen, it should be a rule that operation should not 
be pertormed until changes in the riight kidney' have been ruled out by 
either an intravenous urogram or a complete urologic examination.] 

^■Inouialics . — Williams reported the discovery at necropsy of com- 
plete bilateral duplication of the ureters of a girl aged IS years, who 
was five months ]:)regnant. 'I'lic four ureteral orifices were observed, 
and each of the four ureters allowed the passage of a probe. An 
attempt to catheterize one of the right ureters during cy'stoscopic exam- 
ination met with obstruction after the catheter had entered about 12 cm. 
This proved to he due to a diminution in the caliber of the ureter 
and not to a mucosal fold or calculus, as suspected. This ureter was 
of varied caliber in se\'eral places, whereas its double was almost uni- 
form throughout and of greater diameter, and would have received a 
catheter without difiiculty'. 

Stove . — Goldman -- reported that the specimen which he presente 
is one of the largest ureteral calculi described in any' of the literature 
available to him, and that the patient is the y'oungest reported to have 
been operated on for the removal of a stone of that character and size. 
The stone was extracted entire from the ureter, and a small calcu us 
adjacent was secured after some eflforts with finger and forceps. Reco\ 
ery was uneventful ; a sinus did not develop, and the wound was entire) 
healed in fourteen days. The boy' had gained more than 30 poun 
(13.6 Kg) seven months after operation; the urine was clear, but con 
tained a few pus cells. He had no urinary' sy'inptoms, and continue 
to gain in strength. 

The stone weighed 125 Gm. on removal, and measured 
inately' 18 cm. in length and 9 cm. in circumference. Goldman a 
gave a good review of the literature on large ureteral stones. 

Mathe stated that the diagnosis of stone in the ureter 
accurately' made with the perfected methods of ureteral hivestigation^^ 
roentgenologic study' now in use. The majority' of stones in the uic 

21. Williams, Pauline : Complete Bilateral Duplication of tlie Ureters, J- 

28:279 (Sept.) 1932. U„,. 

22. Goldman, Max : Mammoth Ureteral Calculus : Report of a U , 

28:371 (Sept.) 1932. 

23. Mathe, C. P. : The Diagnosis and Present-Day Treatment oi 
Stone, J. Urol. 28:133 (Aug.) 1932. 
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can be made to pass by dilation exceeding the diameter of the calculus 
and by incision of any accompan 3 'ing congenital stricture of the 
meatus. The indiscriminate use of metal instruments to induce the 
calculus to pass may often result in injur}" to the ureter that exceeds 
the occasional immediate successful removal of the stone. The per- 
sistent use of cystoscopic manipulations to relieve impacted calculi 
lodged in a localized dilated portion or diverticulum of the ureter is not 
advisable and subjects the kidney to irreparable injury. Uterolithotomy 
should be performed for impacted calculi, for calculi that show no ten- 
dency to descend, for calculi in the solitary or bifid ureter and in cases 
in which it is impossible to make repeated cystoscopic examinations. 

Pyo-Ureter . — ^]\'Iolina reported 2 cases in which, at nephrectomy, 
the infected stump of the ureter was not removed with the kidney. 
Cases of renal tuberculosis often occur, in which the whole or part of 
a ureter in a pathologic condition is not removed with the kidney. Sup- 
puration and infection continue, until sometimes it is necessary to 
remove the ureter at a later operation. Although nephro-ureterectomy 
is now an established principle in cases of renal tuberculosis in which 
the infection extends to the ureter, its significance has not been suffi- 
ciently recognized in other cases in which nephrectomy is performed. 
At times the ureteral stump becomes a hard, sclerotic cord after the 
passage of a certain period, but this is not always the case. 

In the first case reported, the kidney had been removed because a 
large stone was present, but a calculus in the lower part of the ureter 
had been overlooked. Pyo-ureter developed, which at first discharged 
its content into the bladder; later the stone obstructed the ureteral 
orifice, and because of back-pressure and infection, an abscess formed 
in the wall of the lumbar region. In the second case the patient com- 
plained of inteirse pain; this was caused by three calculi in the lower 
part of the ureter. 

In accordance with Jeck’s conclusions, Molina stated his belief that 
pyo-ureter is caused by obstruction of the ureter and by lesions of its 
innervation, resulting in absence of peristalsis and loss of tonus. In 
most cases the principal etiologic factor is calculus in the ureter. This 
condition is best prevented by appropriate treatment of the ureter and 
its content at the time that nephrectomy is performed. Although in 
some cases methods such as fulguration and irrigation are successful, 
ureterectomy, especially total ureterectomy, is indicated in the majorit}' 
of cases. If this is not done and an abscess of the wall with a post- 
operative secondary fistula develops, it is necessar}' to reopen the wound 
and to resect all the infected perirenal tissue. 

-4. ytolina. L. F. R. : Dos casos de pio-ureter, Ann. de cir. (Havana) 4:457 
(.Tilly) 1932. ■ 
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(CoMi'rr.KK.s’ Non :. — U is ohvioiis (hat when (he ureter is involved 
in llu“ patlifihnjic process of the kidney, or vice versa, and the condition 
is clearly recojijniml heforc operation, the proper treatment is uretero- 
ncphrcctonn-. Gutierrez rccenth' reviewed (he indications for ureter- 
ectomy. He considered the value and convenience of making two 
separate inci.sions in order to acconi])lish total removal of the kidney 
and ureter in one piece without opening. To obviate failure in nephrec- 
tomy, a pyclo-uretcrogram .should alway's he taken before operation. 
When this is not possible by either the retrograde or the intravenous 
method of pyelographv, the urologist should be prepared to perform 
complete nephro-urcterectomy when indicated.] 

Ruplttrc. — \\^cs.son stated that the wall of a normal ureter cannot 
be punctured by a catheter, and it is doubtful if a diseased ureter can 
be perforated unless a deep ulcer is present. By means of necrosis 
caused by pressure, stones produce leaks or openings through which 
tlicy penetrate, and tlie resultant pcrinephritic abscess may drain into 
the ureter or bowel or to the external surface. 

Perforation of the ureter when it is catheterized through the cysto- 
scope is impossible, for the catheter buckles in the bladder if the point 
meets with resistance. In an experimental study of specimens remove 
at necropsy, the bladders were finally opened and the mouths of the 
ureters held with artery forceps so that the maximal amount of pressure 
could be exerted by the tip of the catheter. The most severe test was 
to tie a ureter in a knot, and in no case was perforation produced by a 
catheter. 

Fistula . — Hunner and Everett *' reported a case of urinary ascites 
resulting from a traumatic fistula of the right ureter following supra 
vaginal hysterectomy for fibroid tumors. Although the urinary ascites 
was present for more than a week the patient was not severely ii , an^ 
a satisfactory cure was obtained by severing the ureter at the site o ^ 
fistula and reimplanting it into the bladder. The patient has remaine 


well since. ,.r 

Hunner and Everett reported a second case, which, althougi i 
ferent from the first both in etiology and in outcome, is reported as a ^ 
tional evidence that the peritoneal cavity can tolerate large quan ' i 
of urine over a considerable time without the patient experiencing 
severe reaction. This case was one of carcinoma of tlie 
patient had received radium and roentgen therapy, and later a v 


25. Gutierrez, Robert ; Indications and Technic of Combined Ureteronep 

tomy, Ann. Surg. 93:511 (Feb.) 1931. ijpnort of 

26. Wesson, M. B.: Rupture of Ureter; A Medico-Legal Problem: net 

Cases, California & West. Med. 37:296 (Nov.) 1932. . 

27. Hunner, G. L., and Everett, H. S.: Uretero-Peritoneal Fist« 
Urinary Ascites, J. Urol. 28:333 (Sept.) 1932. 
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vaginal fistula and a ureteroperitoneal fistula developed. The ureters 
were transplanted to the colon; the patient died of uremia. Necropsy 
revealed generalized chemical peritonitis. 

This case also calls attention, in a striking manner, to some of the 
late effects on the deeper tissues of the massive irradiation sometimes 
necessar}' for overcoming malignant growths. However, Hunner and 
Everett have previously reported on the rapidly increasing group of 
cases in which, following pelvic irradiation, ureteral and periureteral 
changes develop that lead to urinar}' stasis and renal injury. These 
investigators expressed the belief that in the future all patients who have 
received heavy irradiation of the pelvic organs should be advised to 
report at intervals of six months for careful investigation of the ureters 
to insure that the function of these organs is not being seriously jeop- 
ardized. 


Implaniation. — Green- Armytage stated that since Coffey’s improve- 
ments in the technic of ureterorectoneostomy which have extended the 
indications for the operation, a number of modifications have been 
reported for the purpose of simplifying this procedure. Green-Army- 
tage reported 8 cases of bilateral simultaneous transplantation of the 
ureters in which he used a straight metal tube to convey the ureteral 
catheters through the anus. Thereby he eliminated the time-consuming 
preliminary irrigation of the bowel through a cannula and rectal packing 
through a sigmoidoscope, which was the technic used by Coffey. Green- 
Armytage used a metal urethral catheter the curved end of which was 
cut off and a straight conical screw bulb substituted. This was passed 
through the stab wound in the mucosa at the distal end of the incision, 
through the muscularis and, with the aid of a Kelly cystoscope, out of 
the anus. The catheter, which had been fixed in the ureter by a single 
ligature of 000 catgut, was passed through this metal tube, which was 
then removed and prepared for use in anastomosis of the other ureter. 

Green-Armytage did not use the tight ligature of the ureter to the 
ureteral catheter, by which the ureter is cut through in several days, 
nor did he use the pack which Coffey thinks is so essential in all cases 
of bilateral simultaneous anastomosis. He reported 10 cases of severe 
vesicovaginal fistula, in 2 of which bilateral simultaneous anastomosis 
was made without using the tube technic ; in the other 8 cases, his modi- 
fication of the tube technic was employed. 

Bunnan reported the case of a patient with a vesicovaginal fistula 
whose right ureter was implanted into the cecum through the stump of 


28. Green-.'krmytage, V. B. ; Implantation of the Ureters for Inoperable Vesico- 
^‘aginal Fistula and Ectopia Vesicae: A New Technique, Brit. J. Surg. 20:130 
(July) 1932. 


29. Burman, C. E. L. ; A Case of Transplantation of the Right Ureter into the 
Caecum and of the Left into the Sigmoid Five Years Afterwards, Brit. J. Surg. 
20:44 (July) 1932. 
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the appendix, .hive year.s later the left ureter was transplanted into 
the .sii^moid. Intravenous urop;ratus one month after the second opera- 
tion showed aflvaneed hydronephrosis on the right side and early hydro- 
neplna)sis on the left side, 'i'he jratient died from an undetermined cause 
two months after the second operation. 

1 Com J'ti.i:us’ Xotk. — Cofl'ey’s latest contrihution to the technic 
of nreterorectonc*)s(omy is the transfixion suture method or technic 3. 
'I'he same incision is made in the intc.stinc down to the nuicosa, which, 
however, is not oj>ene.fl. 'fhe end of the freed ureter is ligated and 
brought into (he interlamellar space outside the intestinal mucosa by 
an anchor stitch which fastens the end of the ureter in the angle of 
the caudal end of the incomplete intestinal incision. A transfixion suture 
of silk or linen is then taken through the ureter and the intestinal 
mucosa aud is tied tightly. It cuts through in from twent 3 '-four to 
forty-eight hours aud completes the anastomosis. Coftey reported 3 
cases in which the operation was performed by this method, ni one 
instance by Brunu aud in the others by himself. Coffey’s technic was 
employed by one of the compilers in a case of exstrophy of the bladder, 
and the absence of postoperative reaction as compared to that which 
follows when other methods are employed was impressive. Intravenous 
urography three mouths postoperatively demonstrated absence of pyeke- 
tasis or ureteral dilatation. Technic 3 is much simpler than technic 
or even technic 1, and is an out.standing contribution to methods o 
diverting the urine to the bowel.] 

30. CofTcy, R. C. ; Transplantation of Ureters info Large Intestine 
mucous Implantation: Clinical Application of Tcclmic, J. A. M. A. 9 • " 
(Oct. 15) 1932. 
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MALIGNANT TUMORS OF THE MALE BREAST ' 
M. PINSON NEAL, M.D. 

COLUMBIA, MO. 

Diseases, or specifically malignant neoplasms, of the male Imeast, are 
sufficiently common to be of interest to the practitioner of medicine, of 
significance to his patients and of importance to the surgeon. To many 
members of the medical profession, as well as to the layman, cancer 
of the male breast erroneousK' appears rather as a myth, and therefore 
inconsequential. 

The literature on cancer of the male breast is interesting and 
instructive, but there is no intent to cover it in detail in this article. 
From it, however, critical and pertinent remarks gleaned here and there 
will be used to substantiate my findings and to emphasize certain points. 
I^'Iany of the almost 200 articles that I have read on the subject deal 
with case reports, statistical compilations or clinical studies, and not 
with lalDoratory, or more specifically histologic, observations, the criteria 
around which the discussion in this paper will be constructed. 

Of the reasons for making this report, the following are worthy of 
enumeration ; 

1. To record a study in which the histopathologic diagnosis has been 
the critical and conclusive feature in a group of 60 malignant new 
growths found in the male breast, and encountered in the laboratory 
diagnosis of 9,279 mammary glands. 

2. To obtain accurate information as to prevalence and types of 
malignant growths of this male organ for the guidance of the members 
of the profession, and as a source for comparison in future studies. 

3. To demonstrate that much of the past statistical material varies 
widely from facts that are found today under an entirely different set 
of conditions than existed in 1890 or even in 1910. 

4. To add material of a practical character to the summed up 
knowledge of the malignant conditions of the breast. 

0. lo direct the attention of the medical profession to the adult male 
breast as an organ that is the potential site for malignant new growths, 
and that therefore should be examined as a routine. 

In 1930, Neal and Simpson^ classified and recorded the diseases 
onnd in a group of 152 male breasts. The present paper includes data 

l^roin tlie Department of Pathology, University of Missouri School of Medi- 

7 >r. Pinson, and Simpson, Burton T. : Diseases of the Male Breast. 

J- Missouri M. A. 27:3f)5. 1930. 
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Details of Cases 


Histopathologic 

Degree of 

Mitotic 

Lymphocytic 



Diagnosis 

Malignancy 

Cells 

Infiltration 

Stroma 

^Ictastasis 

Medullary carcinoma 

High 

pew 

Scant 

Scant 



Carcinoma simplex 

Moderate 

Rare 

-A^bundant 

Moderate 

— 

Fibrosarcoma 

High 

Many 

Xone 

Xone 

Axilla 

Scirrhous carcinoma 

Moderate 

Few 

Few 

Abundant 

— 

Medullary carcinoma 

Moderate 

Few 

Moderate 

Moderate 

Axilla 

Fibrosarcoma 

High 

Many 

Xone 

Xone 



Fibrosarcoma 

Moderate 

Few 

Xone 

Xone 

— 

^Icdullary carcinoma 

High 

Slany 

Small amt. 

Scant • 

Axilla 

Medullary carcinoma 

Moderate 

Many 

Scant 

Moderate 

Axilla 

Duct cell carcinoma 

Low 

Rare 

Scant 

Much 

— 

Duct cell carcinoma 

Moderate 

Few 

Scant 

Scant 

Axilla 

Leiomyosarcoma 

Moderate 

Few 

Xone 

Scant 

— 

Scirrhous carcinoma 

Low 

Rare 

Many 

Much 

Retropec- 




toral nodes 

Adenocarcinoma 

Moderate 

Xone 

Few 

Moderate 

.Axilla 

Carcinoma simplex 

Moderate 

Rare 

Many 

Jloderate 

— 

Duct cell carcinoma 

Moderate 

Few 

Few 

Moderate 

Xone 

Basal cell carcinoma 

Low 

Xone 

Xone 

Scant 

Xone 

Medullary carcinoma 

High 

Many 

5Iany 

Scant 

Xone 

Carcinoma simplex 

Moderate 

Few 

Many 

Moderate 

— 

Medullary carcinoma 

Moderate 

Rare 

Scant 

Moderate 

— 

Adenocarcinoma 

Low 

Rare 

Scant 

Moderate 

— 

Liposarcoina 

High 

Few 

Xone 

Scant 



Medullary carcinoma 

High 

Few 

Scant 

Scant 

-Axilla 
and skin 

Medullary carcinoma 

Duct cell carcinoma 

High 

Few 

Few 

Scant 

Skin; 
right arm 

Moderate 

Few 

Scant 

Scant 

.Axilla 

Chondromyxosarcoma 

Moderate 

Few 

Xone 

Xone 


Molnnocarcinoma 

High 

Many 

Few 

Scant 

Axilla 

Scirrhous carcinoma 

Low 

Xone 

Abundant 

JIarked 

Xone 

Medullary carcinoma 

High 

Few 

Small amt. 

Scant 

Axilla 

Fibrosarcoma 

Moderate 

Few 

Xone 

Xone 

Xone 

Xevus cell carcinoma 

Moderate 

Xone 

Scant 

Scant 

— 

Carcinoma simplex 

Moderate 

Few 

Abundant 

Moderate 

— 

Medullary carcinoma 

High 

Many 

Scant 

Scant 

AxiUtt 

Duct cell carcinoma 

Moderate 

3Iany 

Moderate 

Scant 

— 

Scirrhous carcinoma 

Low 

Xone 

Scant 

Abundant 

Skin 

Medullary carcinoma 

Moderate 

Few 

Scant 

Scant 

Xone 

Medullary carcinoma 
Basal cell carcinoma 
Scirrhous carcinoma 

High 

Slany 

Many 

Scant 


Low 

Xone 

Xone 

Scant 



Moderate 

Few 

Myriads 

Moderate 

Axilla 

Ne\'us cell carcinoma 
Lymphosarcoma 

Moderate 

High 

Few 

Many 

Scant 

Scant 

Xone 

- 

Medullary carcinoma 
Duct coll carcinoma 
^Irrhous carcinoma 
Colloid carcinoma 
Lpithelloma 

Modullnry carcinoma 
Sclphous carcinoma 
Kpitholloma 

Duct cell carcinoma 
Dnct coll carcinoma 
n'uhorculosls and 
scirrhous carcinoma 

High 

High 

Low 

Low 

High 

Moderate 

Lon- 

Moderate 

Hlgli 

Moderate 

Moderate 

Few 

Many 

Rare 

Rare 

Many 

Few 

Xone 

Few 

Many 

Many 

Xone 

Many 

Many 

Moderate 

Scant 

Few 

Few 

Scant 

Scant 

.Scant 

Scant 

Jloderate 

Scant 

Scant 

Abundant 

Scant 

Scant 

Scant 

Abundant 

Little 

Scant 

Scant 

Moderate 

Axilla 

Xovus cell carcinoma 

Moderate 

Rare 

Scant 

Scant 


Adenocarcinoma 
Medullary carcinoma 

Moderate 

High 

Few 

Few 

Moderate 

Moderate 

Scant 

Scant 

- 

Carelnoinn simplex 
Myeloma 

Moderate 

High 

Few 

Few 

Moderate 

Moderate 

Scant 

Spine (?) 

rihro«:iroomn 
Soirrlumv ('arolnojna 
Duel ft'W rarrinoTn.’j 

Moderate 

l,ow 

Moderate 

Many 

None 

Few 

Xone 

Few 

Few 

Xone 

Abundant 

Moderate 

Axilla 


Comment 


Size of orange: extend' into axilla 
Began at margin of nipple 
Death after 2 years; metastasis to 
lung and liver 

Histologic invasion of muscle 

Rapid growth; death 7 months 
after operation 

Ulceration of covering shin; 1% 
inch mass helow nipple 
Bloody discharge from nipple; 

living 6 years later 
Death after 2 years; metastasis to 
lung and liver 

Oval, slow growing, capillaries 
dilated: roentgen therapy for 2 
years before operation 
Death 5 years later; no evidence of 
carcinoma 

Extensive growth and invading 
axilla 

Slow growing: S by 16 cm. oval 
tumor 

Diving .1 years later 
Painful for 2 months 
Axillary node hyperplasia only 
Xo recurrenee end of 4 years 
Xo recurrenee end of 2 years 

Xo recurrence end of 4 years 
Size of orange; lemon yellow color 
Clinical diagnosis, epithelioma of 
nipple; death 0 months later: 
many metastases 
Death after 6 months; many 
metastases 

Death soon after operation 
Eixed: fast growth for 3 or 4 
months; size of ham, lobulatcd; 
gelatinous contents 
MarVed pigmentation and In node 
Xipple over center and e.xndcs 
serum 

Brca.st removed .6 months ago: in- 
vades muscle: death in few 
months; wide metastases 
9 by 8 by 8 cm. tumor: no recur- 
renee end of 9 months 
Stroma, very vascular; death in 
6 months: carcinoma 
Serous discharge from nipple; his- 
tologic invasion of muscle 
Tumor size of egg 
Eollowcd fall against farm imple- 
ment 

xfetostatic nodule near breast 
Death 6 years later: see case report 
Organ twice normal size 

Tumor size of silver dollar and 
irregular 

Tumor size of a man’s fist: small 
round cell type and vascular 
Tumor size of hickory nut 


ColIoid-likc material abundant 
Pearl-forming epithelioma 
Histologic invasion of muscle 


Hemorrhagic cysts in tumor 

Caseation necrosis and giant cell 
tubercles; amyloid degeneration 
of vessel walls 

Tumor of cutaneous origin: roent- 
gen treatment for several months 

Histologic invasion of muscle, 
marked 

Size of egg: rapid growth, 2 
months; death probably from 
spine metastasis 

Compact embryonic type cells 

Calcareous deposits, marked 
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on llur 2S tiiinor.^; rcporU-fi at that time, and to them have been 

added o2 otiier malignant neoplasni.s found in tlic breasts of men. This 
histopathologic and statistical study is based on a rather unique oppor- 
tunity for studying, restndying and comparing a collection of histologic 
.s'ections from 00 cases of tnalignant (nmors of the male breast, and the 
free nse ot records pertaining to tlie cases. Part of this material has 
been .sent clirectly to me by conferring physicians for diagnosis, but the 
greater ])art of it has come through the cooperation of Dr. Burton T. 
Simpson and the member.s of his sta/T at the State Inslhiitc for the 
Study of Malignant Disease, BnfTalo. 

This group repre.^ient.s material obtained directly from patients going 
to the surgeon and siiecimcns of breasts submitted to the laboratory for 
diagnosis by surgeons distributed over the stales of Missouri and New 
York. It. therefore, is more representative of statistical facts and types 
of lesions than if the material were from one group of surgeons to 
whom patients with certain classes of disease gravitate, as their reputa- 
tion is built around a .sj)ccial procedure or treatment. 

I have made the grouping and final classification of these specimens 
of malignant tumors of the male breast and hence they record the 
impressions of a single observer. This should be of greater value than 
compilations of records from many sources and many observers, some 
of whom at least would not hold similar opinions or adhere to a uniform 
terminology' or classification. An effort was made early in the study to 
learn the outcome of the condition, but because so few answers were 
obtained from the patients the effort was discontinued. 


EXPERIMENTAL MATERIAL 


of a 


This record is based on a pathologic study' and comparison 
series of 8,873 lesions of the breast in 106,583 specimens that were 
submitted to the State Institute for the Study' of Malignant Disease, 
Buffalo, during the period from 1900 to Aug. 26, 1931, and 406 
of the breast from 10,433 specimens that have been examined m t ^ 
Department of Pathology of the University' of Missouri Schoo o 
Medicine, Columbia, between Aug. 1, 1922. and Sept. 10, 1931. 0 t '' 
total of 117,016 surgical specimens examined in the two laboiatones, 
'9,279 were of the breast, and of this number 308 were from men a^^ 
8,941 from women, while in 30 specimens the sex was not ascertaine 
Classification of Lesions . — Of the 308 male breasts examined, 
or 19.48 per cent, contained malignant neoplasms. Of these 
or 16.23 per cent, were carcinomas, and 10, or 3.25 per cent, " 
sarcomas. It was found that 105, or 34.09 per cent, of the male 
contained benign tumors conforming in ty'pe to the same class 
growths more regularly found in the female breast. In 143, or 
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per cent of the breasts, a diagnosis other than neoplasm was made. Of 
the total of 308 lesions, 8, or 2.55 per cent, were carcinomas that began 
in the skin or outer ducts of the nipple; 42. or 13.63 per cent, arose 
from acinus or duct epithelium, as glandular or duct cell carcinomas, 
and 10, or 3.25 per cent, were sarcomas. 

Incidence of Types . — The percentages of dift'erent types of growths 
are at great variance with the opinions generally expressed by other 
authors. For instance, Speese - said that nearly 99 per cent of all 
neoplasms of the breast occur in the female, and only about 1 per cent 
in the male. Boyd ^.stated that carcinoma is the most frequent patho- 
logic lesion in the male breast. Deaver and McFarland said : "Approxi- 
matel}' 20 per cent of all tumors of the male breast are benign. The 
vast majorit}’ of the remaining 80 per cent are carcinomas — sarcomas 
are exceptionally rare.” Williams’ ^ records show that cancers con- 


T.'^ble 2 . — Relative Frequency of Mammary N^eoplasms 



Williams'5 Group, Both Se.ves 

.tuthor's Series 


» 

^ 

of 165 Tumors 


Neoplasms 

Neoplasms 

of Breast 


in General, 

of Breast, 

in Males, 

Variotr 

per Cent 

per Cent 

per Cent 

Cancers . . . 


77.6 

00.30 

Satcomap 

9.4 

4.1 

6.05 

Xonmalignant neoplasms 


15.7 

63.60 

Cysts 

11.4 

2.6 

0.00 

Total 

100.0 

lOO.O 

93.se 


stituted 77.6 per cent, sarcomas 4.1 per cent, nonmalignant neoplasms 
15.7 per cent, and cysts 2.6 per cent. Winslow ® found that of 102 
tumors of the breast, 59.8 per cent were carcinomas, 2.94 per cent, 
sarcomas, and 37.26 per cent, nonmalignant growths ; in his group there 
were 3 men and all had benign tumors. 

It will be seen (table 2) that in this series of new growths car- 
cinomas represent only 30.3 per cent, and that the combined malignant 
growths were only 36.36 per cent, and the benign tumors, 63.6 per cent. 
The 165 cases of new growths were only 53.63 per cent of the total 


2. Speese, John; Tumors of the ^lale Breast. Ann. Surg. 55:531. 1912. 

3. Boyd, William; Surgical Pathologr', Pliiladelphia, W. B. Saunders Com- 
pany, 1925, p. 530. 

•4. (n) Deaver, John B., and McFarland, Joseph; The Breast; Its .A-noma- 
Diseases, and Their Treatment, Philadelphia, P. Blakiston’s Son & Co., 
19D, p. 518; ( 6 ) p. 415 ; (c) p. 576; (d) p. 481; (c) p. 416; (/) p. 683; 
(g) p.'390. 

X M illiams, W. Roger ; The Varieties of Mammary Neoplasms and Their 
Kelative Frequency, Brit. M. J. 2:576, 1892. 

6 . Winslow, Nathan; Tumor of the Breast, Bull. School Aled., Univ. Marv- 
land 17:97, 1931. 
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of 308 cases, and those dia,qnosed as not involving new growths num- 
hered ]d3, or •16.-12 per cent. 

Bryan • stated: “One per cent of ail tumors of the breast occur in 
the male, and two per cent of this number are malignant." That only 
2 per cent of the tumors of the male breast should be found malignant 
is so obviously an error of computation or of printing that it seems 
absurd to call attention to it. except that the statement has already been 
cjuotcd hy other writers. In my group of 165 tumors of the male breast, 
3f).36 per cent were malignant (carcinomas, 30.3 per cent, and sarcomas, 
6.06 ])er cent). 

CAKcr^•o^r.\ 

General faelors and Statislies . — Data arc recorded on 60 malignant 
ncoi)lasms. Of these, 50 were carcinomas, 42 were of the gland 
(acinus) or duct (columnar) cell type and S of cutaneous origin 
(table 4). 


TAiu.n o. — Grouf' Dlapnoses, Percentages and Ratios 




Total 


.Male 

Female 

A. — ~ 

Ratio 

Hale 

Group niiiKnoEcs 


t " ^ 

Xiim- Per 
ber Cent 

Ximi' 

ber 

• Per ' 
Cent 

•Xum- 

ber 

Per 

Cent 

to 

Female 

A 

Contninlng mnlipnnnt tumors. 


•1,12.') 41.13 

CO 

0.01 

1,005 

13.S0 

1:67.75 

Contninine benign tumors.... 


2,129 20.17 

105 

1.13 

2,321 

23.04 


Scat of ej'sts, mastitis, etc.; 
taining tumors 

not con- 

2,351 27.10 

no 

1.50 

2,111 

23.09 

i:17.22 

Necrosis, clecoraposeci, unfi.vccl, 
diagnosis possible 

etc.; no 

114 1.53 

3 

0.031 

111 

1.519 

1:17.00 

Sc.\' not ascertained 


SO 0.32 





_ — 

Total breasts e.Namincd 


9,279 99.9S 

30S 

3.31 

S,911 

90.33 

1:29.03 


The average incidence of carcinoma of the breast in men is fat 
below that in women. It is commonly stated that carcinoma is the mos 
frequent lesion of the male breast, but it occurs from 75 to 100 times 
more often in the breasts of women. In 1876, Wagstaffe® tabuate^ 
the 60 cases of malignant tumors of the male breast then 
the English and foreign medical literature, and reported the sixty- 
case, the onty one at that time on record in which both breasts of a 
were affected. He cited Tauchon as reporting from the ‘Registers o 
Paris” that for the eleven year period from 1830 to 1840 inclusive 
number of deaths from cancer was 9,118, of which 5 were from 
of the male breast. In 1919, Fessler ® reported that approximate} / 


7. Bryan, Robert C. : Cancer of the Breast in a B 03 ' Fifteen Years 0 
Surg., Gynec. & Obst. 18:545, 1914. 

8. Wagstaffe, W. W. : Scirrhus of the Male Breast; Both Glands Affec 

Tr. Path. Soc., London 27:234, 1876. „ 

9. Fessler, Julius ; Der Krebs der mannlichen Brustdriise, Deutsche 
f. Chir. 172:429, 1922. 
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cases of cancer of the male breast were found in the literature, accord- 
ing to statistics compiled from twenty-nine authors. In 11,821 compiled 
reports of cases of the breast, he noted that 167 lesions were of the 
male breast and 11,654 of the female breast, which shows 1.41 per cent 
of carcinomas of the breast occurring in men. 

Williams ® said that malignant neoplasms constitute 81.7 per cent of 
all neoplasms of the breast, and only 18.3 per cent are nonmalignant. 
He further said that nearly 99 per cent of all neoplasms of the breast 

Table 4. — Histopathologic Types as Found in Sixty Cases of Malignant Tumors 

of the Male Breast 


A. Sarcoma 

Chondromyxosarcoma 

Fibrosarcoma (small spindle cell) 

leiomyosarcoma (large spindle cell) 

Liposarcoma 

Lymphosarcoma 

Myeloma (myeloid sarcoma) 

Total sarcomas 

B. Oarcinoma 
1. Stin type 

Basal cell carcinoma 

Melanocarcinoma 

Nevus cell carcinoma 

Squamous cell carcinoma (epithelioma) 

Total carcinomas of skin 

•2. Duct and gland cell carcinoma 

Duct cell carcinoma 

Adenocarcinoma 

Colloid carcinoma 

Medullary carcinoma 

Scirrhous carcinoma 

Carcinoma simplex 

Total duct and gland cell carcinomas. 

Total carcinomas 

Total eases 


Xumber of 

Per Cent 

Cases 

Total 

1 

l.CC 

5 

S.oS 

1 

1.6C 

1 

l.CG 

1 

1.6G 

1 

1.60 

10 

16.60 

2 

3.S3 

I 

1.66 

3 

5.00 


r» 



S 

13.S;; 

9 

15.00 


5.00 

1 

l.CC 

15 

25.00 

9 

15.00 

5 

S.33 

42 

70.00 

50 


60 

99.99 


occur in women, and onh- about 1 per cent in men, Deaver and 
McFarland estimated that onl}’- 5 per cent of all tumors occurring in 
men are in the breast, and stated that all writers agree that carcinoma 
is by far the most common variety' of new growth in the male breast. 

Our incidence of carcinoma of the male breast as compared to that 
of the female breast is as 50 to 4,014, a proportion of 1 to 80 ; thus 1.24 
per cent of the carcinomas of the breast occurred in men. Carcinomas, 
howe^er, occurred only' 5 times more often in the male breast than did 
sarcomas, whereas in the female breast, carcinomas were found 79 times 
more frequently than sarcomas. 
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. If/r I iicidcticc. — Dc.'ivor atui McFarluiu!,''' in 1917, in the total of 
the larj^’cst series of eases rei)orlcfl flnriniLj tlie j)revious fifty years by 
fifteen surgeons, foinul the average age in both sexes to be 50.1 years. 
In their owti series, it was 49.6 years. In a compilation of 401 cases 
occurring in men, ^^^•linu•^gllt found that the age at observation 
averaged 54.2 years, and staled (hat in women most cases occur between 
the ages of 45 and 49, and in men between the ages of 60 and 64; 
about one half of the women and about two thirds of the men are over 
50. 'J'he lowest age incidence has been reported as 45.3 years by von 
Winiwarter," and the highest as 55 years by I'instcrer.^- Bryan ‘ gave 
(he mean age for men as 50 years, and for women as 48. According to 
his record, the disease begins on an average two years later in men 

Taiii.k 5. — Age Pixlrihiilinn for the S6 Cases tii IFliieh Age Was Oblalitcd 


Oroiips 

Cp lo and Incliullnc .".0 j-enrs of aco 
L'p to and Including 40 years of atre 
Up to and Includliifr i>0 years of aire 
Up to and /noJiidliif; CO ycar.s <if ace 
41 to and Includlnc CO years of ace.. 

41 years of ace and over 

01 years of ace and over 

71 yoar.s of acc and over 

81 years of ace and over 

Number of cases 

.‘Vverace nee 

Earliest ace 

Lntc.st nec 

* Case of myeloma. 

than in women, and also a relatively larger number of cases begin after 
the age of 70 in men than in women. 

In my series of cases, the yovmgest male patient who had caicnionia 
was 30 years of age, and tlie oldest was 89, while the average age of 
the group was 57.7. This is higher than the average age as given 
other authors. It is to be noted (table 5) that only 29.8 per ° 
the cases developed before the fifty-first y^ear of age, 85.1 per cent a 
the forty-first year, 38.3 per cent after the sixty^-first yeai, 
per cent after the seventyr-first y^ear. This is significant of the lo c 
age plays in male mammary' carcinomas. This study showe 

10. Waimvright, J. M. : Carcinoma of the Male Breast, Arch. Surg- 
836 (April) 1927. 

11. von Winiwarter, A.; Beitriige zur Statistik der Carcinome, Stuttgv 
Ferdinand Enke, 1878. 

12. Finsterer, J. : Zur Pathologic der manniichen Brusfdriisc mit 
Riicksicht der Tumoren, Deutsche Ztschr. f. Chir. 84:201, 1906. 


Ciirclnoimi Sarcomii 

.Viimbcr Percent Number Per Cent 

44.4 

55.5 
C0.C 

55.5 

33.3 

44.4 
11.1 
0.0 
0.0 


47 

V 

57.7 

SO 

SO 



1 2.1 ^ 

7 14.9 3 

14 20.S 0 

29 Cl .7 S 

22 40.8 3 

40 S.'>.1 . 4 

15 .98.3 1' 

S 17.0 0 
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average age for the deveiopmcnt of sarcoma of 39.7 years ; hence the 
carcinomas as a group began on an average eighteen years later in life 
than did the sarcomas. 

Duration of Tumor at Time of Operation. — In the 3 carcinomas of 
the skin for which the duration was stated, the greatest time that 
elapsed from the first knowledge the patient had of the tumor until 
operation was three years, and the shortest time was several months. 
In the 24 gland or duct cell types, the longest period was four years 
and the shortest from three to four weeks, with an average of about 
fifteen months. For the carcinomas as a whole, then, the longest period 
was four years and the shortest from three to four weeks, with an 
average of about fifteen mouths. 

Trauma. — ^There was a definite history of trauma in only 4 cases. In 
case 31487, one of nevus cell carcinoma, it was stated that for several 
years the left breast had become sensitive, sore to touch and often 
swollen during cold weather, and that during the winter prior to obser- 
vation, from six to eight months previously, this condition did not clear 
up as it had formerly done. There occurred a breaking out of the 
skin which spread to the size of a dime and thickened, forming a lump. 
In case 33219, one of carcinoma simplex, there was a historj' of repeated 
trauma to the breast. After an injury' to it one year prior to examina- 
tion there developed a hard, painful lump which continued to grow. 
In case 25-20M, one of medullary' carcinoma, the patient had for many 
years done cabinet woodwork and modeling of bird houses and toys. 
He often bruised his right breast while using drawing knives, jack 
planes and similar tools. In case 26642M, one of a duct cell carcinoma 
which arose at the outlet of the nipple, there was a statement that in 
an injury eight months prior to operation the patient was thrown 
against a farm implement, and his breast struck a sharp prong on a 
spreader. Aftenvard he noticed blood on his clothing and a break in 
the skin covering the nipple. Several weeks later he noted a painless 
lump in the nipple. 

Breast Involved. — The breast inr'olved was the left in 14 instances, 
and the right in 10; no statement was made in 26 cases. The positive 
facts here signify' little, for in more than one half of the cases the breast 
involved is not known. 

Tocation in Breast. — Statements as to the place of origin in the 
breast or as to where the growth was found at operation are of little 
significance, for in only 8 cases was this information obtained. In 
these, the growth was recorded as beginning at the outlet of the nipple, 
at the margin of the nipple, near the edge of the breast, in the sub- 
stance of the breast and below the margin of the nipple ; in one case the 
nipple was over the center of the tumor, in another the tumor was 
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stated ti) liavc arisen in the skin over llie breast, and in the eighth, case 
1 5889. tltere w.as ;i clinical diagnosis of epithelioma of the nipple, which 
placed the tninor delinitely as involving that j)art. 

Size of Tumor. — 'i'he referring surgeons described the growths in 
relation to size in the following terms: a I'/, inch mass, an 8 by 16 cm. 
tumor, a growth the size of an egg, a nodule and a tumor twice the size 
of the breast, the size of a silver dollar, the size of a hickory nut or 
twice the size of a j)igeon's egg. Jn 42 instances there was no mention 
of the size of the tumor. 

Rate of Growth. — Xo sj)eciric statement was given in 45 cases as to 
the rate of growth, but from the duration of the tumors and their respec- 
tive sizes, one ma\' get some idea as to their growth energy. In 1 case, 
the tumor was stated to be of gradual growth, in 2 cases of slow growth 
and in 1 case of slow growth but pcrcej>tibl3'' increasing for two months, 
and in the fifth instance it was said to have grown more rapidly during 
the past year. 

Discharge from Nipple. — In onlj' 3 instances u’as there a statement 
concerning discharge from the nipple, and the discharge was recorded as 
blood}’’ in 1 case and as serous in 2 cases. 

Ulceration. — Statements concerning ulceration were not made for 
•any of the specimens. In the laboratory examination, ulceration of the 
surface-covering skin was described in 3 cases that were not of cutaneous 
origin. 

Involvement of Muscles. — In 1 case, the record stated that there vas 
gross invasion of the pectoral muscle, and histologic preparations 
revealed muscle bundles invaded by cancer cells in 7 other cases. Sections 
were not taken particularly for the purpose of showing involvement o 
the muscles, but primarily for diagnosis, and this observation there ore 
was incidental. Under a planned search, it is not doubted that muse e 
invasion would be found in a high percentage of malignant growths o 
the male breast. 

Metastasis to Axillary or Other Tissue. — In 13 instances in\ oh e 
ment of the axillary nodes was present at operation (histologic con 
mation or diagnosis). In one of these there were also metasta ic 
cutaneous nodules over the thorax. At death 3 of the 13 patients 
metastatic involvements of the lungs, liver, axillary nodes and 
1 instance there were metastases only in the skin of the correspon 
arm, and at death there was generalized carcinomatosis. One pa 
had cutaneous nodules over the thorax, and another had mvo ' 
of the group of lymph nodes behind the pectoral muscles. Two 
who had no involvement of the axillary nodes at operation had gene 
metastases to visceral organs at death. Metastases were present 
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operation in 16 of the 50 cases of carcinoma of the male breast. This 
is indicative of the negligence, indift’erence and procrastination of men. 
As was to be expected, the basal cell tr'pes showed neither invasion of 
muscle tissue nor metastases in the axillary nodes or elsewhere. 

Previous Trcatnieni . — Only 2 patients gave a history of having had 
any form of treatment before coming to the operator who submitted the 
specimen for diagnosis. One patient (case 29641) had had his breast 
removed because of a tumor five months previousl}', in Russia. Labora- 
tory examination of the recurrent tumor showed gross and histologic 
involvement of the muscles and axillary lymph nodes. The patient 
died a few months later noth generalized metastases. The other (case 
91540), who had a nevus cell carcinoma, had received roentgen treatment 
for several months with no appreciable beneficial results. 

Clinical Diagnosis . — The general belief that carcinoma is the most 
common lesion of the male breast is reflected in the frequency' with 
which the clinical diagnosis of carcinoma was made. Of the 50 cases, 
in,-24 the clinical diagnosis was carcinoma; in 2, cancer; in 3, a malig- 
nant growth, and in 1, epithelioma of the nipple. Thus, in 30 cases 
the condition was labeled by the surgeon as malignant. Of the remaining 
20 cases, no opinion was given on 14; in 2 the diagnosis was tumor, 
and under each of the following terms 1 was classified : growth, fibroma, 
syphilis and chronic mastitis. It is probable that the late stage in which 
these tumors of the male breast rvere seen and their fixation to skin, 
muscle or thorax were the reason for the high number of clinically 
correct diagnoses made. 


PATHOLOGY OF CARCINOMA OF THE MALE BREAST 

Leaver and McFarland listed fifty-four terms that have been 
variously used in the diagnosis of carcinoma of the breast, and invited 
simplification of norrienclature. In this paper the terms will be confined 
to a simple classification, and the use of unnecessar}' and complicating 
terminology eliminated. From the standpoint of anatomic origin and 
histologic types of tissue, the group of carcinomas is divided into : first, 
those that originated in the skin or the outer ducts where the lining cells 
are more or less transitional in type and often produce growths that to 
all appearances are composed of skin type cells, and second, those that 
arose from definite duct (columnar) lining cells, or acinus (glandular) 
type cells. 


Skin Type Carcinoma. — ^^Villiams,^” in 1889, recorded 3 cases of 
cancer of cutaneous origin in his 2,422 cases of 


mammarv carcinoma. 


r.; \V. Roger : Cancer of the Male Breast, Based on the Records 

' 0’'<= Hundred Cases, Lancet 2:261 and 310, 1889. 
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lie statfc! that tlu’ condition is cxccfdin_gly rare in both sexes and that 
Uillroth had denied its occurrence in the female breast, hut that Czerny 
had later recorded a case, tiie only one of the kind then on record. 


A striking feature of the histologic study of the 50 carcinomas here 
recorded is found in the S instance.s, or 16 per cent, in which the origin 
was in the skin or the outer ducts (table 4). There is further a marked 
incidence of nevus cell carcinomas and of the pigmented type, or melano- 
carcinomas; 4 occurred in this group of 8 tumors of the skin. This 
frecptency of primary growths arising from the skin may be explained 
by the fact that in the male subject the tumors of the skin in general 
are more often encountered than in the female; by the fact that the 
skin over the male breast has not the buffer or bed of protective elastic 
tissue and fat beneath it that is present in the female organ and there- 
fore is alTccted more readily than the female breast by surface irritation 
and injury; by occupational injuries and insults, and by the difference in 
clothing. It will be recalled that cancer of the female breast, prior to 
the emancipation of that organ by the advent of the corsetless era, was 
10 times more common among women who wore corsets than among 
those who did not. If this is true, does it not make a difference whether 
a man wears susjrenders or garments like overalls with a buckle or 
button located near the breast, where movements of the body prodiice 
repeated friction or irritation, and where objects carried in the arms a c 
further irritation? 


Basal Cell Carcinoma (Rodent Ulcer) : Two cases showing all tie 
ty'^pical features of basal cell carcinoma were seen. They conformed to 
the true type of this new growth (fig. 1) as it is most commonly fotm 
about the face. The absence of the lymphocytic cell infiltration, pe^r^ 
formation and hyalinization seen in epitheliomas, with the presence 
the small, less distinctly'- defined walls and basic staining of the cells, fi^ 
tendency to form alveolus-like spaces, the “point lace” basal edge out ine 
and the sharpness of the tumor margin, bespeak an entirely sepa < 
group from the epitheliomas. In neither of these 2 cases was 
ment of muscles or metastasis to the axilla or elsewhere recorcle 

f 3 

Nevus Cell Carcinoma and Melanocarcinoma : In this group o 
cases of nevus cell carcinoma and 1 of melanocarcinoma, the his 
picture showed cells of a ty'pe and pigmentation that made it 
that the growths were not epitheliomas or basal cell carcinornas, 
of epithelial origin like the benign nevi seen in other locations. 
of the cases showed a small amount of pigment, whereas in the 
there was a massive amount. For this reason the growths were a 
nosed differently', although the opinion is held that they represente 
same ty'pe'of tumor and differed only' as to degree of pigment. 
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Sections showed a tumor having peripheral gro\rth and a lobular 
appearance. The lobulations were made up of closelj- packed cells, with 
var3-ing amounts of inten-ening stroma. There was little stroma within 
the lobulated-appearing cell masses, and between these masses in some 
instances it was scant and in others abundant. The cells of the masses 



Fig. 1 (case 47200). — Basal cell carcinoma. 


appeared epithelial, small and closeh' fused, and were thus less distinct 
than in epitheliomas. While the cell outlines were not distinct, the 
nuclei were. In one instance the cells appeared much like those of an 
endothelioma, and. to carry the similarit}' further, there were alveolus- 
hkc formations or small, cystlike spaces containing a bluish-staining 
material like a secretion, resembling similar areas of the endotheliomas. 
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In llic inclaiiocarcinonia there was a massive amount of pigment in 
the primarv tumor ( fig'. 2) aiul in the metaslases to the axillary lymph 




'Mi 














.'*v. 










Fig. 2 (case 21502) .—Mclanocarcinoma (pigmented nevus 

nodes. Much of the pigment was in the heavy bands 
as within tumor cells. This tumor contained many mi 
it was graded as highly malignant. 
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In one of the cases in which the tumor was designated as a nevus 
cell carcinoma, no mitotic cells were seen and the stroma was extremel}" 
vascular. The patient died within six months after operation from 
extensive metastases. In another case the patient had previously 
received roentgen treatments for several months. In this instance 
mitoses were rare, and the stroma was scant. 



Fig. 3 (case 68376), — Colloid carcinoma. 


Epithelioma: The 2 cases recorded as instances of squamous cell 
carcinoma showed nothing unusual or different from these tumors as 
the} are encountered elsewhere. Both showed a tendency toward pearl 
formation, invasive, penetrating and branching prolongations, detached 
cell nests, mitotic cells and an infiltration of lymphoc 3 i:es around their 
borders vhich even invaded the periphery of the growth. This factor 
of l}mphoc}1:ic invasion, fomiing often a more or less definite marginal 
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zone of the tiiinor, is one tlial is too often overlooked in the diagnosis 
and diflerential diagnosis of sfinanious cell carcinoma. 

Duct 011(1 Glaiitl Cell Carciiioiiui. — I*'orty-t\vo, or 84 per cent, of the 
carcinomas were ])Iaced in this general grou]). Nine of them had a cell 
content sufficiently like the columnar or duct cell type that they could 



Fig. 4 (case 103408) .—Duct cell carcinoma (columnar cell), showing cal 
careous deposits. 


be grouped as duct cell carcinomas. The other 33 were of ^ 
or gland type cell, although areas in some of them tvere much i 'C 
duct cell variety. 

Duct or Columnar Cell Carcinoma: In these tumors the 
features of an at3'pical, organoid neoplasm were found. In ,'j, 

there was the appearance of a gland (acinus) cell carcinoma, 










Fig. 5 (case 84686). — Duct cell carcinoma. 


filled or obliterated by the many cell layers. Those in the center of the 
space not rarel}" showed necrotic changes or had broken down to form a 
granular material. In this group of 9 cases no effort was made to 
divide the growths into scirrhous, medullarj' or simplex types. 

Adenocarcinoma ; The features that led to the coining of the term 
adenocarcinoma and its perpetuation were so pronounced in 3 cases as 
to warrant its use in their diagnosis and classification. These 3 showed 
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definite ;ittemi)ls at i,daiKiular formation, such as is seen in adenomas, 
hut the growths were atyjiical and therefore were carcinomas. 

Colloid Carcinoma (Mucoid Carcinoma, Carcinoma Gelatinosum) : 
In 1 case only were there encountered the degenerative changes that lead 
to this type of tumor. In this instance (fig. 3) there were islands of 
small cells containing hyperchromatic nuclei, and filling the wide spaces 
around these groups were an acidophilic staining material and a scant 
stroma. Within several small l\-mphatics tumor cell masses were found. 

Medullar^’ Carcinoma, .Scirrhous Carcinoma and Carcinoma Simplex: 
Irrespective of the general use of the terms medullary, scirrhous and 
simplex as guides to the proportion between stroma and cancer cells, it 
is felt that it is unwise to depend on this factor alone for special classi- 
fication and as an index to the degree of malignanc 3 ^ To use this as a 


Table 6. — Comparison of Histologic Types of Carcinoma as Recorded 

by Other Authors 



Warren’s** Group 

Wnlnwrlght’s*® 


(Female) 

Group (Male) 

Variety ol Ciiiioer 

Number 

Per Cent 

Number 

Per Cent 

Paget’s disease 

1 

1.00 

0 

0.00 

Colloid (gelatinous) 

O 

2.00 

O 

3.70 

Adenocarcinoma 

3 

3.00 

13* 

IG.CO 

Scirrhous 

2S 

28.00 

3S 

49.00 

Carcinoma slmplc.vt 

20 

26.00 

s 

3.70 

Medullarj’ 

40 

40.00 

14 

18.00 

Duct cell 

0 

O.CO 

0 

0.00 

Squamous or basal cell 

0 

0.00 

rt 

0.00 

Total 

100 

100.00 

78 

100.00 


Author’s Group 
(Male) 

Number Per Cent 


0 

a 

3 

9 

5 

15 

9 

S 

SO 


0.00 

2.00 

0.00 

38.00 

10.00 
SO.CO 

18.00 

16.00 

100.00 


* Includes three mnh’snnnt duct papillomas, 
t Includes one basal cell carcinoma, 
i Warren’s group, “cancer.” 


final basis for adjudication would necessitate histologic examination o 
many widely separate portions of tumors. This is evident to patioo 
gists who regularly see sections from a carcinoma showing the charac 
teristics of the scirrhous type, while other sections taken elsew e > 
especially from the margin of the growth or from its metasta i 
processes, yield the features of the medullarj’^ type. 

In this classification the term carcinoma simplex is used accor in^ 
to general custom ; that is, for a type of carcinoma having a histo 
balance of cancer cells and stroma to a degree between the medullar) an^ 
scirrhous types. In the original table of Warren, which is use 
comparison in table 6, he does not use the term carcinoma 
but groups 26 cases merely under the term “cancer.” Since he 
the terms medullary and scirrhous, it is presumed that these 26 tum 

14. Warren, J. Collins : The Operative Treatment of Cancer of the B 
Ann. Surg. 40:805, 1904. 
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constituted a group that could not be placed in either of these tj-pes, and 
hence that group has been compared to those that I have termed car- 
cinoma simplex. 

It seems unnecessary to record what is meant by medullary or scir- 
rhous carcinoma or carcinoma simplex. Under these classifications are 
grouped all forms of glandular cell type carcinomas not included as 
adenocarcinoma or colloid carcinoma. The}' conform in all essentials 
to the same types that occur more commonly in the female breast, with 
the exception that in this group of carcinomas of the male breast there 
was practically no effort at cystic formation and little attempt at acinus 
or gland production. This is the only outstanding difference noted. 

A Case of Tuberculosis and Carcinoma in a Male Breast. — Case 90476, diag- 
nosed by Dr. A. A. Thibaudeau, pathologist. State Institute for the Studj' of 
Malignant Disease, Buffalo, represents a rare, if not unique, condition in the breast 
of a man. The sections of this organ revealed a definitely characteristic scirrhous 
carcinoma which on histologic examination showed a moderate degree of malig- 
nancy, moderate lymphocytic infiltration and a moderate amount of stroma. In 
addition, they contained areas of caseation necrosis surrounded by cellular walls 
composed of lymphocytes, endothelial leukocytes (epitlielioid cells) and foreign 
body giant cells ; Langhans’ giant cell tubercles, and an amyloid deposit in the 
walls of the arteries and arterioles. The areas of caseation necrosis and tubercles 
occurred largely in the stroma lying between rows or nests of cancer cells. No 
tuberculous lesions were found within groups of cancer cells. D'nfortunately, 
sections of the tissue were not available for the application of a special stain 
for acid-fast bacilli, nor was unfixed tissue available for culture or animal inocula- 
tion. While the crucial bacteriologic proof of tuberculosis is out of the question, 
the condition shown by this specimen has been diagnosed as tuberculous on the 
basis that caseation necrosis, Langhans’ giant cell tubercles and amyloid degenera- 
tion were present and in themselves sufficient for that diagnosis. It would have 
been of much interest and scientific value to have been able to follow this 
patient, but although the operation was performed as late as May, 1930, several 
recent communications addressed to the phj-sician have brought no response. 

Swan and Fr}'^,^® in 1926, tabulated 11 cases from the literature and 
reported a twelfth case of tuberculous mastitis in a male subject. They 
stated that, including those seen in the male, less than 200 cases had 
been reported. Morgen^® recently recorded (November, 1931) the 
twentieth case of tuberculosis of the male breast, and stated that in the 
literature he had found in the two sexes more than 439 cases of mam- 
inar\ tuberculosis. It is of interest to note in the article by Swan and 

D that of the 12 approved cases in the male breast, tubercle bacilli 
vcre fo und in only 3 instances, and animal inoculation gave positive 

T! and Fry. H. J. B. : Tuberculosis of the Male Breast, 

tint. J. Surg. 14:234, 1926. 

g- ^faximilian ; Tuberculosis of the Breast. Surg., Gynec. & Obst. 
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results in 1 of these 3. 'I'lnis, in 9 of the 12 cases the diagnosis was 
made witiiout tlie fiiuiing of the organisms nr the obtaining of a positive 
reaction in an inoculated animal. 

A Case of Cairiiioina of the Male Ereast with Broiiaiiig of the Skin and 
Extreme Generalized Melaslases at Autol’sy . — Only the salient features and per- 
tinent antojisy observations in this case will be recorded. 

D. D. M., aRcd 69 (case 2.a-2()M), was operated on bj’ Dr. Frank G. Nifong 
at the Boone County General Hospital, Cobnnbia, Mo., on Jan. 9, 1925, for carci- 
noma of the riRbt breast. He was a farmer, but for several years had spent 
much time in woodwork, making toys, bird bouses, small cabinets and similar 
articles. In this work be bad often bruised the tissues of the right side of the 
chest. 

For several years prior to operation be bad noticed a lump the size of a hazel- 
nut in the right breast. This was never painful and bad not increased in size 



Fig. 6 (case 25-20M). — A, lateral roentgenogram of thorax, showing 
static tumor in mediastinum. B, roentgenogram showing intrathoracic me a 


until about two months previously, when it began to show perceptible growt 
examination there was found a movable, bard tumor having two apparent no^ 
the size of pigeon’s eggs, under and below the nipple. It was attac le 
nipple, and the skin over the tumor was dimpled. The breast and tumor 
removed by a wide excision, the nipple and all tissue down to and inc u m 
pectoral muscles and fascia being removed. _ . 

The pathologist’s report (M. P. N.) stated that on gross 
was a firm, white nodular tumor immediately beneath and lateral to w 
Histologically, the growth was an atypical, organoid neoplasm of =■ j*'’ ** ‘ 
epithelium, with a tendency for the tumor cells to be arranged in tu u ar 
but supported by a scant stroma. Mitotic cells were present in mo , 1 , 0 , 

bers, and around the periphery of the tumor there was a small amount o 
cytic infiltration. The diagnosis was medullary carcinoma. ., 

On June 3, 1926, the patient presentccl himself, stating that there (j,c 

gradual increase of a growth which had appeared in the scar slior } 
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operation seventeen months before. The right mammary region was now the site 
of a mass having a base from 10 to 12 cm. in diameter and elevated about 5 cm. 
It was hard, bluish at the center and apparently ready to break down. The mass 
was movable above the ribs, and there were no palpable glands in either axilla. 

A second operation was performed on June 4, 1926. The tumor was removed 
by electric cautery, a circle about 30 cm. in circumference being made. The 
mass was entirely ablated, and the soldering iron was used to sear the raw sur- 
faces and to cauterize the base. No knife was used, and no vessels were tied. 

The pathologist’s report (M. P. N.) stated that the skin-covered tumor 4 bj' 6 
by 10 cm. was surrounded at its edges by adipose tissue and rested on muscle. 
Microscopically, the tumor cells were predominant over stroma and extended 
down to and between the sheaths and bundles of muscle fibers. The cells were 



Pig. 7 (case 25-20M). — Aorta, esophagus and longitudinally divided trachea, 
showing marked metastases to lymph nodes. 


large and embryonic in appearance. The diagnosis was a very active medullarj' 
carcinoma. 

On June 18, 1929, the patient presented himself and stated that a few days 
before he had noticed a nodule below the old scar near the right breast. The 
nodule was freely movable, oval and within the skin. No other nodules were 
found, and there was no evidence of axillarj' involvement. 

A third operation was performed on June 19, 1929. There was removed bj’ 
electric cautery a nodule the size of a filbert at the lower median quadrant of 
the area of the right breast. 

The pathologist’s report (M. P. N.) stated that the growth was an oval seg- 
ment of skin 1.5 by 2.5 cm. covering a firm, white, irregular nodule 1 by 1.4 cm. 
The edges of the tumor extended to the margin of the specimen of tissue. The 
diagnosis was glandular cell scirrhous carcinoma with a rather definite wall of 
hmphocytes surrounding the periphery. 
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Examination on Anril '>'> unn t 
mum hu] lost tihotn 25 vmunk 'dnZT L 

'’ow .snfTercd from ,ivsp„,,. •'»ul E-kI become feeble; he 

n.ntl, costal cartila^m; othen sc il scar over the 
''=c clavicles were felt mam’ snmiAymr no7 ^^ove 

" cre as larRc as a f.lljcrt ami cuLh- m ^ ^ome 

Khiuls were not mncl, involved IgL'i clavicles. The axillary 
-v^vemenl of the lnn,s and n.ediasttmn 

^-«.---cnt died, almost six years after the prima.^ 

ciation, bronze pigmentatron of'^7hc'''\kin”T ’ 

skin, hcinopentoncum, bilateral hemo- 

r 




m- rq 

•). . .‘•t'r '.',! I 
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its hiius. Eung, showing marked metastases to lymph nodes at 

side of the™°thorax*^^'^'n ulcerated recurrent carcinoma of the right 

the right side of tli^ fi were carcinomatous metastases: in the skin of 

infraclavicular and sunraefa axillary lymph nodes, right 

group near the right' , • "odes, retroperitoneal and lymph node 

(extensive) • in tlip i,-r bilateral tracheobronchial lymph nodes 

periesophage;i and ner r = >" 

in the manubrium and riadi ^ groups (fig. 7) (bilateral); 
left first, second third ^ ■<-! ° sterm, with softening and deformity; in the 
second, third fourth eight costal cartilages, the right first, 

intercostal soft tissupc f ' ^ r seventh costal cartilages and the left and right 
right side of the tho’ eighth inclusive; in the dome of the 

surface of the aorm cavity and extending as a growth over the anterior 

1 pericardium ; in the right side of the visceral and parietal 
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pleura in the visceral pericardium and lungs (bilateral) (fig. 9) ; in the liver 
and suprarenals (bilateral) ; in the mediastinal soft tissues and the serosa of 
the stomach, with a direct extension beneath the skin of the thorax, across the 
sternum, forming a mass in tlie left infraclavicular space over the first to fourth 
left costal cartilages. 

Calcareous Deposits . — In case 103408 (fig. 4), one of a duct cell 
carcinoma, within the ductlike lumina, and often in otherwise obliterated 
spaces lined by several layers of cells, were found basic-staining blue 
bodies. These had a laminated appearance, some rings being lighter 
and others darker in their staining reaction. They suggested corpora 
amylacea as seen in the prostate, the lungs and some parotid tumors. It 



Fig. 9 (case 25-20M). — Bisected lung, showing marked pulmonary metastases 
and emphj'sema. 


IS believed that they rvere not formed as any part of a degenerative or 
necrotic change, but were the result of retained secretion within these 
newly formed spaces, and that the retention rvas followed by this calcium 
deposit from the secreted products of the cells. A similar condition was 
present in the acinus-like spaces of 2 of the adenocarcinomas (cases 6329 
aiid 13639) . Many of the ill formed glands in these 2 tumors were filled 
vith a homogeneous, faintly blue basic-staining material like pseudo- 
mucin, and in others there were granular calcium deposits. 

^hfosis. Following a careful observation of the sections of this 
5,1 oup of 50 carcinomas for evidences of rapidity of growth and degree 
o malignancy as revealed by the presence and number of mitotic cells. 
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the results were: In 9 instances no mitotic cells were found; in 9 they 
were jn'esent, but rare; in 21 they were present but few, and in 11 they 
were present in lartje numbers. 

Lyiul'iliocytk Infiltration . — .A marked histologic feature of the epi- 
theliomas and of the entire group of duct or gland cell carcinomas was 
the evident and marked lymphocytic infiltration (fig. 10). Many sec- 



Fig. 10 (case S 1431). —Scirrhous carcinoma with massive lymphocytic mfil 


tration. 

tions showed the heavy small round cell infiltration. The ainom 
lymphocyrtic invasion recorded was as follows: scant in 14 nis ai ^ 
in small amount in 2; showing a few hmiphocydes in 8; model ate 
abundant in 11, and presenting myriads of lymphocytes in • ^ 

exclusive of the nevus cell and basal cell carcinoma groups m 
Ivmphocytic infiltration was practically absent. 
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Stroma . — The amount of stroma is not particularly recorded here 
for epitheliomas or basal cell carcinomas, for it plays no part in these 
types. In the nevus cell types and those of duct or acinus cell origin, it 
is of some significance. In these, the amount of stroma present was 
scant in 24 instances, about equal in amount with the cancer cells in 
4, moderate in 10 and abundant in 8. 

Degree of Malignancy . — ^All the histologic factors being taken 
together, malignancy thus adjudicated has been recorded in only three 
degrees, as it was believed that this was more accurate and more desirable 
than to try to divide the group here termed “moderate” into two sub- 
groups. As the result, 14 tumors were rated as presenting a high degree, 
25 a moderate degree, and 11a low degree of malignanc}'. Among those 
rated as of high grade malignancy are the melanocarcinoma and one of 
the epitheliomas. The group of low grade types contains the 2 basal 
cell carcinomas and the colloid carcinoma. 

These cases as a group show a high degree of malignancy, which is 
contrary to the generally made statement that carcinomas of the male 
breast are most often of the scirrhous type and of low grade malignancy. 
The reason for this relatively high degree of malignancy probably lies 
in the greater reversionarj^ metamorphosis of the male breast toward 
a less differentiated, more embryonic type of cells. The high incidence 
of duct cell carcinomas herein recorded indicates such a change in the 
male breast, and it is to be recalled that the incidence of this type of 
cancer in women as recorded is much less than that seen in this male 
group. 

SARCOMA 

General and Statistical Factors . — Of the 60 neoplasms here recorded, 
10 were sarcomas. A case of myeloma is grouped under the general 
term sarcoma, because although the growth would doubtless be termed a 
mi.xed round cell sarcoma b}- some pathologists, it is classed as a sarcoma 
of bone or bone marrow by most. In the 10 cases of sarcomas (table 4) 
there were 5 cases of fibrosarcoma, and 1 case each of leiom 3 msarcoma, 
Hposarcoma, tymphosarcoma, mj-eloma and chondromyxosarcoma. 

Incidence . — ^The general impression is that the average incidence of 
sarcoma of the breast in men slightl)- exceeds that in women. It has 
been stated that mammar\- sarcoma is approximately 30 times more 
frequent in women than in men, and that sarcoma is next in frequenc\' 
after carcinoma among tumors of the male breast. Contran' to this. 
Schucharclt found that in 472 collected tumors of the male breast, 385 

.y ^'-bacliartU, B.; Weitere Mittheilungcn zur Casuistik und Statistik der 
. cubildiingen in dcr mannliclicn Brustdruse, Arch. f. klin. Chir. 41:64. 1891 ; 

31:a9. 1884; 32:277. 1885. 
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wcM'c carcinomas. 19 were sarcomas and 6S were benign growths, and 
Williams found 19 carcinomas, .3 sarcomas and 6 benign growths in 
a series of 25 cases of tumor of ibe breast in men. It has been esti- 
mated that only 5 per cent of all tiimor.s in men occur in the breast, 
and all writers agree that carcinoma is by far the most common variety 
of new growth in the male breast."' 

'^J'he data on the grou]) recorded in this paper vary markedly from 
these statistics. 'J'he incidence of .sarcoma of the male breast compared 
to that of the female breast was 10 to 51 (table 8) ; thus 19.61 per cent 
of the sarcomas of the breast occurred in men. The ratio between 
carcinoma of the male breast and that of the female breast was 50 to 
4,014. In other words, it was found that there were 10 sarcomas to 
50 carcinomas in the male breast, and in the female breast there were 


Tadle 7. — Caml'arisou of Hisloloyic Types of Sarcoma as Recorded by Connell 


Vurlcty 

Splndlo coll siircomii 

Hound coll surcoma 

Oliloromn 

Cystic sarcoma 

Melanotic sarcoma 

Oliondromy.'iosarcoma 

LIposarcoma 

Total 


Connell’s’'’ Statistics 
(Male Breasts) 

i — 


Number 

Per Cent 

12 

40.1 

7 

20.9 

1 

3.S 

n 

n..') 

r, 

n..'. 

0 

0.0 

0 

0.0 

2G 

O0.S 


Autlior’s Group 
(male Breasts) 

Number Per Cent 

CO.O 
20.0 
0.0 
0.0 
0.0 
10.0 
10.0 

100.0 


C* 

2t 

0 

0 

0 

1 

1 

10 


* Includes live cases o£ Ilbrosarcomn and one oi leiomyosarcoma, 
f Includes ono case of myeloma. 


51 sarcomas to 4,014 carcinomas. Carcinomas, therefore, occtiiie m 
the male breast only 5 times more often than sarcomas, while caicmonws 
in the female breast were 79 times more frequent than sarcomas, 
compared with the number of carcinomas in the breasts of the 
sarcomas occurred proportionately almost 16 times more often m 
male than in the female breast. , 

Carcinoma was found in this group not to be the most 
lesion of the male breast, and, likewise, sarcoma has been foun 
to be the second most frequent. In the group of 165 tumors of t ic 
breast, sarcomas constituted only 6.06 per cent, while the benign injP 
amounted to 63.6 per cent. This is contradictory to the 
reported in the literature, and is a fact that should be borne ni 
for it means that under present diagnostic requirements, 2 of 3 tum 
of the male breast are benign. 

While sarcoma of the female breast occurs in from 1 to 2 pci" 
of the cases, it is generally^ regarded as a great rarity among men. 
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anterior portion of what is probably the fourth rib on the left side.” 
From this statement, it is presumed that the last mentioned tumor was 
of osseous origin and extended to involve the tissues about the left 
breast. 

Sise of Tumor. — In 4 instances the size of the growth was not 
stated. In the other 6 cases, the surgeons described these growths as 
to size in the following terms; a man’s fist; an egg; 9 by 8 by 8 cm.; 
the size of a ham, and in 2 instances the size of an orange. 

Rate of Grozuth. — The myeloma was stated to have developed rapidly 
in the two months prior to operation ; in case 5499, the growth was a 
slow-growing tumor, but attention must be called to the statement that 
the tumor was subjected to roentgen therapy over its known duration 
of two years ; in 1 instance, in which the tumor had been present for 
three years, it had grown more rapidi}' during the last three or four 
months, and at the time of operation was the size of a ham and fixed 
to the thoracic wall. No statement was given concerning the rate of 
growth in seven instances. 

Discharge from Nipple and Ulceration. — If in any case there was 
discharge from the nipple or ulceration of the surface skin, this was not 
stated. Ulceration was not recorded on inspection of the specimens at 
the laboratory. 

Involvement of Mxtscles. — With the exception of an instance in 
which extension went through the muscles and fixed the growth to the 
wall of the chest, no mention of invasion of the muscles was made in 
the clinical data on these cases while in the laboratory it was found 
histologically in 2 other instances. Muscle is known, then, to have 
been involved in 3 cases. 

Metastasis to Axilla or Other Tissxxes. — In 7 instances, there was 
no information relative to metastasis or involvement of other tissues 
or organs. One case showed extension to the axilla. In the case of 
myeloma it was stated that the fourth rib on the corresponding side 
showed an apparent growth (which possibly was the primary tumor), 
and that the patient died presumably as the result of metatasis to the 
spine. Several months after the tumor and breast had been removed, 
one patient had metastases to the lungs. 

Pxcvioits Trcatxnent. — In case 5499, it was stated that the tumor had 
been given roentgen treatments throughout the period of its known 

t nration, two years. In no other case was there a record of previous 
treatment. 

Clinical Diagnosis. — Clinical diagnoses as submitted for the various 
-pccimcns were: not stated, 1 case; questionable, 2; fibroma, 1 (the 

ciom\osarcoma) ; tumor, 1; cancer. 1; fibrosarcoma. 1; sarcoma, 2, 
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and carcinoma. 1 (flic m 3 'c}oma). In one half of the cases the clinical 
diagnosis of a maiignant tumor u'a.s made, and the growth was 
definitely considered as a sarcoma in .3 instances. 


rATHOI.OGV OK SAUCOMA OF THE MALE BREAST 


Gcisl and ^^'ilcnsky tabulated 19 types of sarcoma of the breast, 
and they liirtlicr included a column headed “unclassified.” Although it 
ma}’ api^ear desirable to some to have such t\'pes as cystosarconia, 
cystoid sarcoma, ])Icxiform sarcoma, perithelioma, angiosarcoma, 
polj’inorjjhous cell sarcoma, adcnosarcoma. alveolar sarcoma and cysto- 
sarcoma ])hylloidcs, I can see no advantage in such an unwieldy classi- 
fication. In fact. I question the use of such terms as adeno, alveolar, 
cy'sto and c^’stoicl when used in the diagnosis of sarcomas. They are 
terms that belong with structures in which there are epithelial elements, 
Avhile perithelioma is used for a liemangio-endothelioma perivasculare, 
as seen in a perithclial organ, which is a tumor that should be dis- 
tinguished from the sarcomas. The classification herein used is based 
•on a restricted use of the term sarcoma as limited to the atypical histioid 
neoplasms. 

In the group of sarcomas hei'e presented there was nothing out- 
standing individually^ or collectively, except that the fibrosarcomas con- 
stituted one half of the cases, and that there are recorded a case of 
leiomy'^osarcoma, one of liposarcoma and one of myeloma. The latter 
3 are unusual ty^pes, but conform histologically to the lesions of the 
same class seen in other locations. The spindle cell type is the most 
common sarcoma of the breast in both sexes, ^^’arious authors recor 
this ty’pe as being found in from 31 to 68 per cent"^ of the cases o 
sarcoma. 

The leiomymsarcoma (case 5499), diagnosed histologically by Tr. 
Burton T. Simpson, Buffalo, showed all the characteristics of that tumor 
with its intertwining muscle fibers and a scant stroma of fibrous tissue. 
The cells were i^ery embryonic in appearance and irregular in their 


relationship, and mitotic cells were present. 

In the case of liposarcoma (case 20317W), which was diagnose^ 
by^ me, the tumor was centered at about the lower margin of the areo 
tissue and extended up and behind the breast, being apparently' a grou 
that arose in the retromammary fat. It was roughly' oval, S ciu. 
diameter, irregular in outline, somewhat firmer than nonnal adipose 
tissue and of a definite y'ellowish color. Histologically', it was compos 


20, Geist, S. H., and Wilensky, A. O. : Sarcoma of the Breast, Ann. Sn ? 
62:11, 1915. 

21. Gross, S. W. : Sarcoma of the Female Breast Based Upon a St«d> 
One Hundred and Fifty-Si.x Cases, Am. J. M. Sc. 94:17, 1887. 
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of mixed cell elements of varying sizes (fig. 13), some small and some 
very large, and of varying degrees of granularity, and most of the cells 
contained fat droplets and globules. Many of the larger cells had 
heavily stained, irregular-shaped, motheaten-appearing, h)'perchromatic, 
large nuclei that often appeared granular, as if undergoing karyorrhexis. 
The cellular cytoplasm as a whole was acidophilic in staining. iMany 



Fig. 11 (case 99936). — Fibrosarcoma. 


<5 the cells contained single globules of fat, and these displaced the 
cjtoplasin and nucleus to one side of the cell. Others contained mul- 
tiple fat inclusions or droplets (fig. 14), small or large, and in some of 
t lese cells, the nuclei appeared displaced, while in others they did not. 

le shapes as well as the sizes of the cells were variable. The}' were 
tru } polymorphous cells, including round, oval, polyhedral, elongated 
^anc bizarre forms. The outstanding features were the bizarre and 





458 


ARCH nils OP SURGERY 


]H)lyinorpliou.s cells, the irrei^ularity in their sizes, the marked nuclear 
variahilities and the cell fat content. Mitotic cells were present in 
small numhers. 

Leiomyoma of the nipple, thoiif^h rare, has been reported by Vir- 
chow and by others.'^ and myoma of the breast has also been recorded^ 
.Since lipomas and leiomyomas of the breast have been recorded, it is 
not remarkable to find their malignant prototy’pes — the sarcomas— in 
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Fig. 12 (case 98579). — Myeloma (myeloid sarcoma). 


the same organ. It is difficult to realize that no case of ^ 

liposarcoma was found recorded in the literature. Mitterstiller^ 
table recorded a case of leiomymsarcoma in the breast of a man } 
of age reported by Gibson and Crile in 1914. His only 
Gibson or to Crile is to an article by Crile in which he state 

22. Mitterstiller, Sepp: Ein Fall von Mammasarkom ^^”^ 34 . 446 , 

Bemerkungen zur Frage des Myosarkoms), Deutsche Ztschr. f. Cur. 

1915. • ^lic 

23. Crile, George W. : A Brief Account of American Surgery Duri 
Past Twelve Alonths, Brit. T. Surg. 1:505, 1913-1914. 
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discussion Gibson mentioned 4 personal cases of apparent malignancy, 
only one of which was cancerous; the others were sarcoma (1) and 
fibroadenoma (2).” This states nothing about a case of leiomyosar- 
coma, though the “sarcoma” may have been that form. A search in 
the Index ilcdiciis for the years 1913, 1914 and 1915 and in articles 
for other references has failed to reveal this specific case report. 



Fig. 13 (case 20317\V). — Liposarcoma. 


^lycloiiia . — The tumor in case 98579, diagnosed as a myeloma, developed in 
a man 61 years of age. It was found one year later by his physician, who stated 
that it was beneath the left breast, apparently attached to the thoracic wall, and 
involved the anterior portion of what roentgenograms showed to be the left 
fourtli rib. The patient came to the physician with the chief complaint of severe 
pain m the chest and in the back, undue fatigue and weakness. Studies of the 
blood revealed a definite secondary type of anemia. Urinalyses showed faint 
traces of albumin, hyaline, finely and coarsely granular casts and leukocytes. There 
IS no record concerning tests for Bence-Jones proteinuria. An anteroposterior 
roentgenogram of the chest and a dorsal view of the spine revealed : "Hyper- 
trophic changes (lipping) in lower spine, and the outline of one of the lower 
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procedu*^rvTO!^p?fo?med removed after death. No other autopsy 

Malignant Disease Burke, of the State Institute for the Study of 

Brown, of the Genesee diagnosis of a myeloma. Dr. H. ^• 

agreed ’with that onin'tn!, Rochester, N. Y., later saw the tissue nd 
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agreed ’with that oninion N. Y., later saw the tissue nd 
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was of a loose structure like bone marrow, with verj- scant stroma in which 
appeared vascular channels of thin walls. 

While it cannot be shown conclusively by the roentgenograms made at the 
time that this tumor arose from tlie rib, one cannot but believe that this possibly 
occurred. It of course must be conceded that tliere is a remote, though improbable, 
chance that this tumor arose from an embryonal cell rest, or teratoma, in the base 
of that breast. 


Gross recorded instances of osteoid sarcoma and of giant cell or 
myeloid sarcoma. Geist and Wilenskj’’ listed instances of osteosar- 
coma, giant cell sarcoma, chondrosarcoma and osteochondrosarcoma. 
Deaver and jNlcFarland discussed a type of giant cell sarcoma having 
a relationship so like that of bone-forming tissue that tliey used tire 
appellation “myeloplaxes” as employed by French writers. It there- 
fore is evident that tumors similar in structure to this myeloma have 
previousl}* been recorded. 

It is believed that the simple forms of sarcoma probably arise from 
their respective connective tissue types nonnally found in tire breast. 
The complex or mixed types, such as the chondromr'xosarcoma, may 
also arise from these simple connective tissue types and, through 
rnetaplasia, take on the histologic features of several types of connec- 
tive tissue, but it is more probable that they arise as embrr-onal cell 
displacements, similar to teratomas elsewhere, and become malignant 
under the conditions that cause such a change in other teratomatous 
growths. 


Mitotic Cells in Sarcomas . — In 3 of the fibrosarcomas and in the 
lymphosarcoma were found many mitotic cells. In the leiomyosarcoma, 
the chondromyxosarcoma, the liposarcoma, 2 fibrosarcomas and the 
myeloma, there were few mitoses. The high number of mitotic cells 
m the fibrosarcomas accounts to a great extent for the degree of malig- 
nancy observed in these tumors of the breast. 


Lymphocytic Infiltration . — The absence of lymphoctyic infiltration 
about or in sarcomas is a distinctive difference between these tumors 
and the carcinomas. This statement has no reference, of course, to the 
true lymphocytic series of cells that make up tlie integral growing 
elements of lymphosarcoma and of lymphoblastic sarcomas. 


Degree of Malignancy . — On the basis of histologic obser\'ations, 
embryonic cell appearances, lack of cell differentiation, mitotic cells, 
hyperchromatic nuclei, peripheral invasive character, vascularity and 
thinness of vessel ^Yalls. this group of sarcomas was evaluated as to 
malignancy. Those having a high degree of malignancy were; 2 of the 
fibrosarcomas, the liposarcoma. the lymphosarcoma and the myeloma. 

he other 5 (3 fibrosarcomas, the leiomyosarcoma and the chondro- 
mxxosarcoma) were of a moderate degree of malignancv. 
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The patliolof^ic variations hctwcc-n tlic malignant growths of the 
male and of the female breast arc those of degree and ratio of types, 
and not of kind. 'J'he growths of the male breast are indistinguishable 
from similar tumors more commonly' found in the female breast. The 
only difference noted was the higher incidence of cy'sts in those of 
women. Tumors of the adult male breast should be more easily and 


earlier recognized than those occurring in women because of the dif- 
ference in the natural size of the organ, the difference in the amount 
of the fat hod and the fact that any' defect of the male breast shou 
call for investigation. In the case of the female breast there is a nature 
tendency' to jirocrastinate. The familiarity with repetition of local is 
turhances causes a woman to become less concerned with this organ, 
which shows changes incident to phy'siologic development and functiOj 
congestion, response to sex stimulations, hypertrophy', hyperp^ 
involution, lactation, infection and other conditions. 

The reasons for the generally considered higher mortality rom 
malignant growths of the male breast as compared to those o ^ 
female breast appear to be : (1) the higher degree of 
revealed in histologic studies and a greater reversion to ess i 
ated cells ; (2) early invasion of the surrounding tissue, muse e an 
with ulceration of the latter; (3) lack of the prominent at e 
limitation of the periphery' of the growth, and (4) pioDa y 


delay in seeking aid. 


THE CHANGING STATISTICS 

In the development of the modern operating gioup, in the 
of standardization of hospitals, in the campaigns against 
a source for dependable, proved statistics concerning surgical 

particular, no person stands out so conspicuously as oes i .^^£(1 
and necropsy pathologist. If he has delh'ered his wares 
his w'orth, much of the general credit is due to the 
American College of Surgeons in their program of operating 

ments. Not many years ago if a specimen remove in ^ 
room was very suggestive of cancer, it probably leacre 
eventually for the opinion of a pathologist who rvas tie lan 
the laboratory', and not a specialized diagnostician of tissue 
hospitals if the lesions were not particularly suggestive, or 

■was not one of great personal interest, the specimen was ^ 
at least rarely, if ever, examined. It is ivith shame g^iall 

admit that such conditions exist even now' in a large 2, whid' 

hospitals, and even in some of larger size. A study o a 
show's the relative frequency of mammary' neoplasms m 
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in that reported by ^^hlliams in 1892, should convince one of the truth 
of the foregoing statements. It wall be noted that there is a marked 
difference in the percentage of cancers, and a still more marked dif- 
ference between the number and percentage of nonmalignant neoplasms, 
found then and now. 

The American College of Surgeons requires of a class A hospital 
that it have a well equipped laborator}’-, the director of which shall be 
a graduate in medicine and shall have specialized in patholog}', and that 
all tissues removed in the operating rooms shall be submitted to a 
pathologist for examination and diagnosis. Statistics based on the old 
system, in which an occasional surgical specimen was submitted to a 
pathologist and in which autopsies were few, certainly are of little 
value; in fact, they are misleading when compared with statistics based 
on the present diagnostic procedures and the high percentage of 
autopsies. The American College of Surgeons has in the standardiza- 
tion program furthered and aided in establishing tlie best diagnostic 
sendee that the medical profession has yet known, and as a result is 
giving the sick better sendee and the scientific world more dependable 
facts on which statistics may be based. 


SUMMARY 

1. A sun^ey of male breasts is recorded from 117,016 surgical speci- 
mens, in which; 

(a) There were 9,279 specimens, or 7.9 per cent, from the breast 
in both sexes. 

(b) There were 308 specimens, or 0.26 per cent, from the male 
breast. 

2. Of the 9.279 specimens, 308, or 3.31 per cent, were from the 
male breast, which gives a ratio of 1 male to 29.03 female breasts. 

3. Of the 308 lesions of the male breast: 

(a) In 143, or 46.42 per cent, the condition was a nonneoplastic 
disease. 

(b) In 165, or 53.63 per cent, there were neoplasms, classified 
as follows ; 

(A) j\Ialignant growths, 60 cases, or 19.48 per cent. 

(1) Carcinomas, 50, or 16.23 per cent. 

(a) Of skin or outer duct origin, 8, or 2.55 per cent. 

(b) Of duct or acinus origin, 42, or 13.63 per cent- 

(2) Sarcomas, 10, or 3.25 per cent. 

(B) Benign growths, 105, or 34.09 per cent. 
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4. llie 165 neoplastic growths were classified as follows; 

(fi) Malignant tumors, 60, or 36.36 per cent. 

{A) Carcinomas, 50, or 30.3 per cent. 

(/?) Sarcomas, 10, or 6.06 per cent. 

{b) Benign tumors, 105, or 63.6 per cent. 

5. The 60 malignant tumors were classified as follows: 

(fl) Sarcomas, 10, or 16.66 per cent. 

{b) Carcinomas, 50, or 83.33 per cent. 

6. The 50 carcinomas were classified as follows : 

(fi) Growths of skin origin, 8, or 16 per cent. 

{b) Growths of duct or acinus origin, 42, or 84 per cent. 

7. There are recorded a case of liposarcoma, a case of myeloma 
and a case of leiomyosarcoma in the male breast. 

8. There is recorded a case of tuberculosis and scirrhous carcinoma 
in the male breast. 

9. There is reported a case of carcinoma of the male breast with 
extreme generalized carcinomatosis at death, including metatases to tie 
suprarenals, in which the skin showed the pigmentation seen in destuic 
tive lesions of the suprarenals. 

CONCLUSIONS 

1. The most frequent lesions of the male breast are the noi 
neoplastic processes (46.42 per cent). 

2. The second most frequent lesions of the male breast aie 
benign tumors (34.09 per cent). 

3. The third most frequent lesions of the male breast aie the 

cinoinas ( 16.23 per cent) ; tumors of skin origin account foi ^ 
cent of these, and those of duct or acinus origin account f oi ^ 

4. Sarcomas constitute 3.25 per cent of the lesions of the 
breast. 

5. Carcinomas of the male breast were responsible foi 1-24 P 
of the carcinomas of the breast in both sexes. 

6. Of the sarcomas of the breast in both sexes 19.61 pei 

found in the male breast. . 

7. Carcinomas are 80 times proportionately more prevalei 
female breast than in the male. 

8. Sarcomas are 16 times proportionately more prevalent m 
breast than in the female. 
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9. Carcinomas occur in the male breast onl)' 5 times more frequently 
than do sarcomas, whereas in the female breast carcinomas are seen 79 
times more often than are sarcomas. 

10. Of all the lesions of the breast, 3.31 per cent occurred in men. 

11. The average age of patients at the time of obser\’ation for 
carcinoma was 57.7 years, and for sarcoma, 39.7 years. 

12. The present day standardization of hospitals and laboratories is 
promoting a better and more extensive diagnosis of tissues and more 
dependable records from which statistics may be compiled. 

Dr. Burton T. Simpson, Director, and the members of his staff at the State 
Institute for the Study of Malignant Disease, Buffalo, permitted the free use of 
their materials and records. Dr. Frank G. Nifong, Columbia, Mo., provided the 
historj' and data on case 25-20!M. 
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During the past twenty years there have appeared in the literature 
numerous papers relating to the sesamoid bones of the great toe and 
their clinical significance. One is impressed, in reading most of these 
articles, by the uncertainty regarding the embryology, anatomy an 
function of these small structures, and by the number of disputed points 
relative to their surgical pathology and treatment. In view of tins 
uncertainty, and because no thorough survey of the literature has 
appeared, we report this study made in connection with the follow-up 
investigation of our own cases. Our plan is to review the literature, ^ 
cite the results of our own anatomic and pathologic studies and nM 
to report a series of cases in which sesamoidectomy was performe 
the relief of pain. 


HISTORICAL SUMMARY 

Not alway'^s have the sesamoid bones of the great toe played a ro^^ 
of such relative insignificance as they play today. The medial 
has been identified by many as being the bone “Luz,’ a mytuca 
believed in medieval times to be the indestructible seed from v ^ 
body would be resurrected on the Day of Judgment. To quote as 
Bauhinus : 


, . _ wlikli 

Hebrew writers affirm that there is a bone in the human body • • ■ 
cannot be destroyed by fire, water or any other element, nor be broken 
by any force ; this bone God shall, in His exceeding wisdom, water W^ 
celestial dew, whence the other members shall be joined to it, ^ 

the body, which, breathed upon by the Divine Spirit, shall be raised up a 

The idea of the bone “Luz” is said to have originated 
Uschaia, in the third century, A.D., and through the jMiddlc - ^^5 

ous philosophers and mystics identified it with various bones, 
the os sacrum, the “eighteenth vertebra,” the coccyx and t le 
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sesamoid bone. Garrison expressed the belief that the last-named bone 
corresponds most closely with the descriptions of the “Luz.” Vesalius, 
in his chapter on the sesamoid bones, said that this m}lh was given 
credence only by the magicians and followers of occult philosophy, and 
gave his own opinion of it in these words of a true scientist: 

But the dogma which asserts that man will be regenerated from this bone, of 
which we have just narrated the immense fiction, may be left for elucidation to 
those philosophers who reserve to themselves alone the right to free discussion 
and pronouncement upon the resurrection and immortality of the soul.^ 

Since the time of Vesalius and Leonardo, the sesamoid bones have 
played a less spectacular, if no less useful, part in the human economy. 

The term “sesamoid” denotes the similarity between the shape of 
these bones and that of the flat, oval seeds of the sesamum indicum, an 
ancient East Indian plant used b}' the Greek physicians for purging. 
The name is said to have been applied to the bones by Galen. 

In 1736, Robert Nesbitt, of London, showed that the sesamoid bones 
are present beneath the first metatarsal head at the third month of fetal 
life. In spite of this, certain French writers, such as Boyer (1803) 
and Gillette (1872), as well as John Bell of Edinburgh, held that sesa- 
moid structures were not present in fetus or child, but w'ere the result 
of constant trauma to tendons in standing and walking. In 1892 
appeared the exhaustive monograph of W. Pfitzner on the human 
sesamoid bones and their r-ariations, in which the findings of Nesbitt 
were definitely confirmed. Since that time other workers have made 
similar observations ; there remain, however, differences of opinion as 
to the exact place in which the sesamoid anlagen appear. Quain held 
that they formed in the tendons of the flexor brevis hallucis; Nesbitt 
and Pfitzner believed that, as in the case of the patella, the sesamoids 
appear first in the joint capsules, being later invested by the fibers of 
the overlying tendons. Bradley, from obsen’ations on pig embryos, 
claimed that the sesamoids are cartilaginous buds separating off from 
the joint side of the phalanx, just beneath the flexor tendon. 

The constant presence of the sesamoid bones and the A^ariations in 
their structure Avere further demonstrated after the introduction of the 
roentgen rays. In 1901, Schunke published the first description of a 
human sesamoid bone transA-ersely divided into tAvo parts, AA’hich, because 
of a histor)' of injury in the patient, he called a fracture and “cured” 
b} immobilization of the foot. In 1904 operatiA’e remoA-al of one of these 
ossicles for the relief of pain A\-as first described. The true origin of 
the line of partition often seen in sesamoids AA-as described by iMomburg 
(1907) and by Igelstein (1908), but these lines of deA'elopmental diA'i- 
sion are still often referred to as fractures, although most authors are 


1. Garrison’s translation. 
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aware that the anomaly is of frequent occurrence. Several authors have 
recently examined series of roentgenograms of relatively normal feet, 
and have made vaiying reports as to the incidence of divided sesamoids; 
Geist found 16 per cent in a scries of a hundred feet, Bizarro 4 per cent, 
and Freiberg the surprisingly low incidence of one division in a series 
of a thousand feet. 


In recent years, especially' among French, German and South Amer- 
ican writers, considerable attention has been paid to the pathology and 
treatment of painful sesamoids in which there was no division and hence 
no c|uestion of fracture. Treves, Schiitz, Finochietto, Kohler and others 
have described a condition in which there is intrinsic pain, and which is 
characterized in the roentgenograms by a stippled, spotted appearance 
instead of the smooth even texture of normal spongy bone. These 
authors have described the same lesion under different names, and this 
has resulted in a confused reduplication of terms, viz., “typical disease 
of the sesamoid bones,” “sesamoiditis,” “osteochondritis,” “osteomala- 
cia,” “osteitis fibrosa,” “juvenile necrotic osteopathy,” “Kohler’s” or 
“Schlatter’s” disease of the sesamoids and, more recently, “sesamoid 
insufficiency” (Wisbrun). Treves did not mention any microscopic sec- 
tions, but Schiitz, Renander and Wisbrun described “necroses” in the 
trabeculae and marrow of the bones. Finochietto spoke of a softening 
of the bone and the velvety appearance of the articular cartilage. Schiitz ^ 
said that this condition is found only in congenitally divided sesamoids, 
and that the division plays a still unknown part in its development. 
Finochietto gave an extensive differential diagnosis between “sesamoid- 
itis” and “arthritis deformans” of these bones, one of the differential 
points being the stippled or “leopard-skin” appearance of the bone m 
the roentgenogram in the former condition. This author gave a good 
description of the symptoms and signs of painful sesamoid bones, and 
concluded that, since the line of division in bipartite sesamoids is ^ 
failure of fusion between two centers of ossification, it is comparable to 
any epiphysis, and that therefore “sesamoiditis” is an osteochondropathy 
exactly like those occurring in other epiphyses and apophyses, such as 
Schlatter s disease of the tibial tubercle. 

One author (Lange) has described a case of “sesamoiditis P^o 
ceeding to suppuration ; this was apparently an embolic suppurative 
osteomyelitis. 


The recent literature seems still to be mostly concerned with the 
question of fractures in these bones. Various reasons are given for 


making this diagnosis rather than that of developmental division. 
Hobart reported a case involving the lateral sesamoid, giving as one 
reason for calling it a fracture the fact that no congenital division of the 
lateral sesamoid had been described. In a subsequent paper, however, he 
reported finding three such anomalies in the German literature. Scott. 
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in an excellent article on the congenital variations of the sesamoids^ 
corrected the impression then current in the British literature, that parti- 
tion ahvays indicated fracture; he drew attention to the possible forensic 
importance of this diagnosis, and showed that roughness of the opposing 
surfaces in a divided sesamoid is not necessarily evidence of fracture. 
He found the anomaly to be always bilateral in those of his cases in 
which roentgenograms were made of both feet. 

Stumme, Preiser and IMorian claimed to have produced experimental 
fractures of these bones in cadavers by indirect and by direct violence. 
Skillern attempted the same procedure on the thumb, b}' clamping the 
metacarpal bone in a vise and then striking the distal phalanx of the 
thumb with a mallet, forcing it into marked hyperextension. All these 
authors reported success in fracturing the bones, but it should be noted 
that none of them demonstrated by a pre-experiment roentgenogram the 
absence of developmental divisions in the bones on u'hich they were 
working. Skillern reported fractures in 18 per cent of his cases, and 
said that in several of his experiments the sesamoids remained intact 
even though fractures of the metacarpal or phalanx occurred. This is 
significant. This author gave no figures for the frequency of congenital 
division of the sesamoids at the thumb. 

Bizarro has contributed two papers to the subject, the first of which 
is an, admirable presentation of the comparative anatomy and physiolog}" 
of the sesamoid and supernumerar)’- bones of the foot. He showed that 
most mammals have sesamoid bones in positions analogous to those in 
the human skeleton, the size and habits of the animal having no constant 
relation to the size of the sesamoids. Unlike the supernumerary bones 
of the foot, these ossicles are not residuals of primitive tarsal bones, but 
are persistent sesamoid structures throughout the mammalian family; 
the tarsal supernumerary bones have a well defined pitylogenetic mean- 
mg, the sesamoids an unknown anatomic pedigree. As to the reason 
for the appearance of these bones and the variation in their structure, 
Bizarro concluded : 


Jiogen 3 ' and function combined appear to be the two causes of sesamoid 
ma ion and development, the former as it were planting the seeds for their 
rma ion and the latter acting daily and with everj- movement, promoting the 
theor^*'^ these structures. It is hardly possible to accept either of these 

I , . ®®Parately, and the only obscuriU' remaining lies within the elastic 
un anes indicated the term “phj’logenj'.” 


^ i^arro, in his second paper, dealt with the traumatologj" of the 
-e.amoid bones, and reported a case of a third sesamoid, lying between 
e \\ 0 constant bones, called by the author “os intersesamoideum.” 
unitccM ^ stated that in the rabbit the two great toe sesamoids are 
hone' '' bony isthmus, thus forming one dumb-bell shaped 



470 


ARCH IV ns OP SURGERY 


Robinson accused the great toe scsainoids of being the sole cause of 
liallux valgus and bunions, alleging that they first become enlarged, then 
dislocated into the intermetatarsal sjiace, forcing the first metatarsal 
Iread medially. He stated that the degree of hallu.x valgus is directly 
proportional to the size of the luxated sesamoid. There is no indication 
in the literature of this theory having been taken seriously (fig. 15/1). 

Burman and Lapidus reviewed the literature on the functional dis- 
turbances of these bones and of the supernumerary bones of the foot, 
but they reported no sesamoid cases of their own. They made the apt 
■observation that, as in other fractures, callus will unite the fragments of 
a fractured sesamoid. This is a definite criterion in the differential 
diagnosis from developmental division, and we shall refer to it later. 
In examining roentgenograms of one thousand feet these authors found 
division of the medial sesamoid in 7.2 per cent, and of the lateral 
sesamoid in 0.6 per cent. 

Geschickter and Copeland, in their recent book, described tumors 
arising from the sesamoid bones and areas of potential sesamoid forma- 
tion. These xanthoma variants of the giant cell tumor, formerly thought 
to arise from tendon sheaths, are slowly growing, rarel)’^ metastasizing 
tumors, having slight tendency to spread or recur locally and some- 
times attaining the size of an egg. Cure is usually effected by complete 
■excision of the tumor. 

As to the treatment of diseases of the sesamoid bones, opinions again 
differ. Some authors frankly advocate “conservatiA’'e” treatment in all 
cases ; others make the reservation that if this fails, surgical excision 
of the affected bone should be done; still others advocate excision in 
cases of “sesamoiditis,” but splinting of fractured sesamoids. Wisbrun 
recommended deep roentgen therapy if an operation is declined by the 
patient. Kellogg Speed held that, if excision is to be performed, both 
sesamoids should always be removed, since leaving one of these bones in 
place would cause an unfavorable mechanical situation and subsequent 
symptoms. The forms of conservative treatment recommended vaiy 
from the use of a simple metatarsal pad or bar to the immobilization of 
the foot and leg in plaster for six weeks. The patients treated con- 
servatively have often been reported as coming to operation later. 
Results of surgical removal seem to have been uniformly good, except 
in those cases in which the condition is complicated by serious deformi- 
ties of the foot, especially clawfoot. Delchef reported three such cases. 

ANATOMIC STUDIES 

In the human adult there are constantlv present two osseous sesamoid 
bones at the metatarsophalangeal joint of the great toe ; each is enclosed 
around the margin of its superior articular facet by the capsule of tbe 
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joint and invested throughout the remainder of its surface by the cor- 
responding tendon of the flexor brevis hallucis. These tendons are 
inserted into the proximal end of the first phalanx of the great toe, and 
are the only effective plantar flexors of the metatarsophalangeal joint; 
their fibers bite into the roughened nonarticular surface of the sesa- 
moids, there .being no smooth periosteum ; hence the difficulty in shelling 
these bones out of their tendons. The sesamoids articulate ryith, and 
rest under, the first metatarsal head, the cartilage of the latter being 
prolonged proximally for this purpose. From above and in profile they 
have a characteristic, smooth shape (fig. 1). Though joined together 
by strong bands of the joint capsule, they are separated from each other 
by the tendon of the flexor longus hallucis on its way to insertion into 
the distal phalanx of the toe, and their corresponding articular facets on 
the metatarsal head are separated by a bony ridge; this ridge is not high 



h Sesamoid bones normal in shape, size and position, shown in antero- 
posterior, frontal and lateral views. 


enough to prevent dislocation of the medial sesamoid laterally in severe 
hallux valgus. Bettveen the sesamoids and the skin there is normall}’ 
only the thick fibrous pad of the “ball” of the foot, through which the 
two small bones sometimes be palpated. Not infrequently a bursa 
IS interposed between the sesamoids and the skin surface. 

V e, have studied the development of these Ijones in the human fetus 
in specimens ranging in age from 8 wrecks to 9 months. We were 
unable to obtain a specimen earlier than the eighth week. Even at this 
car \ period, both sesamoid bones are recognizable as islands of undif- 
terentiated connective tissue in their normal location beneath the first 
metat.ar.sal head. .At the tenth week this connective tissue can be recog- 
nizee as precartilaginous, and at the twelfth there is a definite center of 
c lonr n ication. These changes occur simultaneously in sesamoids. 
^ja anges and metatarsals. The connective tissue in which the 
-c. amou^ develop is seen to be continuous with the periosteum of the 
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eta ai sal proxniiall)' and .vitli that of the phalanx distally; by the third 
onth tins can be identified as joint capsule, and the fibers of tlie tendon 
nvest the lower portion of the bone between the tliird and the fourth 
on IS. By the fiftli inontli these bones have their normal adult shape, 
and the development from then on is only in size. At no time did we 
TfiV?) cartilaginous buds from the phalan.x 


The sesamoids normally begin to ossify at about the eighth year, 
anc as a ui e appear completcl}' ossified by the eleventh. Variations in 
a s 1 u e, of coin se. occui , Nesbitt having described a center of ossifica- 



f " 5 ^^^anioicls present at all metatarsal heads, a total of seven in eadi foot. 
Lu.vation of the left lateral sesamoid is seen. 


on in a sesamoid of an infant. In our series we found no case in which 
Jones V ere visible in the roentgenogram earlier than the eightli 
leir ossification may be i^eiy irregular. There may be one, two 
centers of ossification, and the multiple centers may or 
rise ^ failure to fuse is believed to gh'c 

,,e„o niultipartite appearance in the roent- 

occiirrm' ^ f ^*1*^*^ longer any serious doubt as to the frcfpicnt 

c.xist ■ ^ ° ^ ’cse developmental variations ; it is certain that tlicy 

nriv Ion ba\’c bad no known injury, and that such persons 

ses.atnoids*"^ active life without any symptoms referable to the 
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In order to determine the incidence of these anomalies and the rela- 
tme frequency of the various types of division, we reviewed a series of 
1,025 consecutive roentgenograms of feet in our dispensary, regardless 
of diagnosis. All were of patients above 10 years of age. One hundred 
and ten feet, or 10.7 per cent of those examined, presented an unques- 
tionably divided sesamoid bone. Six feet showed division of the lateral 
sesamoid and three of the lateral only. Roentgenograms of both feet 
were available in eighty-three of the hundred and ten cases; in these 
the anomaly was found to be unilateral in 75 per cent and bilateral in 
25 per cent. Of the bilateral cases, S5 per cent showed symmetrical 



Fig. 3. Low-power view of a sagittal section of a normal sesamoid. Trauma 
at operation has damaged the articular cartilage. 


cnision, i. e., had the same type of division in the corresponding bone 
ot each foot. It is thus seen that unilaterality cannot be trusted as a 
criterion of fracture in these bones. 


f the divided sesamoicls in this series, eight showed characteristics 
considered by some writers as indicative of fracture; the lesion was 
uni ateral. the opposed edges of the two ‘"fragments” were rough and 
^ei rate , and there was relatively wide separation of the segments. On 
h.d^”*^' history of these patients it was found that none of them 

had dispensary because of sesamoid pain, and that none 

■'o\\ingi\ had an injury sufficient to fracture one of these bones. 
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Fig. 4. — Similar section of a bipartite sesamoid. Note cartilage extendiPo 
downward between the two segments. The bone was damaged in remova . 
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The presence or absence of other anomalies in the foot, such as 
supernumerary bones of the tarsus, is sometimes used as evidence that 
a division of the sesamoids is due to fracture. To determine whetlier 
or not these anomalies are present more frequently with divided sesa- 
moids than with undivided ones, bilateral anteroposterior and lateral 
roentgenograms of the feet of two hundred and nineteen patients over 
10 years of age were examined. In this series, seventy-nine feet 
had divided sesamoids and three hundred and fifty-nine had no 
divisions. Anomalies examined for were: a completely separate os 
tibiale externum, os peroneum. os trigonum and os internietatarseum. 
Other anomalies were occasionally seen, but not often enough appre- 
ciably to affect the percentages. The stud}' showed that 32 per cent of 
the feet with divided sesamoids presented other anomalies in the same 



oot, ^^hereas 35 per cent of those witlrout divided sesamoids showed 

thc^t^ Considering both feet in each patient, it was seen 

t lat, of the cases of divided sesamoids, 67 per cent showed some other 
h™'™* the same or the opposite foot, as compared with 51 per cent 
tl "’'thout divisions. Obvioush', these figures are so similar 

< t t ns criterion is not reliable in making the differential diagnosis of 

Iracture of a sesamoid. 

yariety Avas shown in the shape and size of the seg- 
the * divided sesamoids as shown in the roentgenograms. In 

ordc^^ the most frequent types of division, in the 

regular <; "^cidence. were as shown in figure 16. The more or less 
Cnr cas there are often distorted by arthritic deposits, 

iu tile' froiUal'^^'^^^^ division, as in tr-pe 9, figure 16. could be seen only 
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The other sesamoid bones of the extremities may show congenital 
division, those at the thumb especiall}". Figure 12 shows bipartite 
sesamoids at the heads of the second and fifth metatarsals. In our files 
there are roentgenograms of seventeen cases of congenital division of 



Fig. 7. — Developmental division of both sesamoids at each first metatarsal head 
in the same patient. There were no symptoms. 



Fig. 8. — Right medial sesamoid divided. The left medial sesamoid 
having developed from two centers now united. 


elongated, 


the largest of the sesamoids bones, the patella. e lat e 
roentgenograms of two hundred hands in order to dcterininc ^ 
dence of this anomaly at the thumb. Twelve hands, ^ divided 

showed definite division, and fifteen more sliowed a 
sesamoid. In routine films of tiic hand tlicse Itoncs are not we j^, 

so that the incidence is undoubtedly greater than d per cent, J 
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twice that figure. The line of dmsion was usually transverse in the 
medial, and longitudinal in the lateral, sesamoid. In no hand were both 
bones found divided. Ossification here is apparently not complete 
before the fourteenth year, as several patients of 12 and 13 years were 
found without ossified sesamoids at the thumb. 

No definite cause can as 3'et be assigned to the failure of fusion of 
the centers of ossification in the sesamoid bones. Analogies to this 
failure appear in other parts of the bod}-, such as in the posterior ele- 



Fig. 9. — \'arious types of division of the medial sesamoid 

incuts of the vertebrae and between the tarsal navicular bone and os 
tibialc e.xtcrnuin. Just why the failure of fusion occurs in the medial 
sesamoid of the great toe so much more frequently than in the lateral is 
uncertain; the catise may be related to the greater and more frequent 
trauma undergone by the medial hone because of its location. On the 
other hand, lines of ossification are greatly influenced by the position of 
blood vessels, and the latter seem t<j be quite inconstant in their dis- 
tribution in these bones. I'nrtber work is necessary before this question 
can be answered detiniteU 
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Microscopically, our sections of normal sesamoid bones show con- 
siderable variation in structure, both as to the number and thickness of 
the trabeculae and as to the content of the intertrabecular spaces. We 
have not found any red bone marrow in these spaces, which are usually 
occupied by loose fatty tissue. Usually the structure of the bone is 
quite compact (fig. 3), and it often, but not always, shows the appear- 
ance described by Wisbrun, with the trabeculae in the upper half run- 
ning vertically and those in the lower horizontally. Since the greater 
part of the weight-thrust is through the posterior part of the bones, the 
trabeculae here are thicker. In the case of the congenitally divided 
bones, the articular cartilage is seen to dip down between the two seg- 
ments, an appearance not at all suggestive of fracture (fig. 4). The 
periosteum is indistinguishable from the investing tendinous fibers, 
which insert deeply into the rough plantar surface. 



12 3 4 5 
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Fig. 16. — Diagram showing various tj'pes of developmental division of sesamoid 
bones in our series of roentgenograms, arranged in the order of their frequency. 
Number 1 represents a normal sesamoid for comparison. Type 9 could be seen 
only in our frontal-view roentgenograms. 

The function of all sesamoid bones, speaking phylogenetically, is the 
protection of tendons which glide over the prominent and exposed sur- 
faces of Joints. They also act as pulleys to alter the direction and 
increase the mechanical advantages of the tendons in which they are 
embedded. That there are no sesamoid bones over such prominent and 
exposed joints as the knuckles in the human hand may be explained by 
the fact that until man assumed the upright posture, it was the plantar 
(now volar) surface of the hand which received most of the trauma and 
exposure. It is interesting to note in this connection, however, that 
Rettercr has found fibrocartilaginous sesamoids consistently in the dorsal 
tendons at the first metatarsophalangeal joints of the lion and the cat. 

In addition to the aforementioned functions of sesamoid bones in 
general, those at the great toe serve to protect the flexor longus hallucis 
tendon which lies between them : also, as was suggested by Hancock in 
K /o and brought out more recently by Morton, they serve an important 
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use in protecting tlie head of the first metatarsal and lifting the head of 
this bone ofif the ground so that it will be level with, or slightly higher 
than, the outer metatarsal heads. 

PATHOLOGY 

In the records of the New York Orthopaedic Dispensary and Hos- 
pital there is only one proved case of fracture of a sesamoid of the great 
toe. This fact alone, in a large clinic, lends iJroof to the contention that 
fracture of these bones is a rare condition. In the case referred to 
(this case is not included in the series reported here, as the patient was 
admitted after the stud}'' was made), the roentgenogram at the time of 
injury showed what appeared to be a developmental sagittal division of 
the lateral sesamoid ; several weeks later the roentgenogram showed 
evidence of a reparati^'e i^rocess between the two segments. Consein'a- 
tive treatment having failed to relieve this patient, the bone was 
excised, and sections showed the presence of callus between the frag- 
ments. We believe that it is unjustifiable to make the diagnosis of frac- 
ture of a sesamoid without this demonstration, by roentgenogram or 
section, of subsequent callus formation, or unless there was a previous 
roentgenogram in which the bone was seen to be undivided. 'Ilnis 
congenital division being so frequent, and simulating fracture so closely 
in feet known not to have been injured, the burden of proof is on him 
who makes the diagnosis of fracture. 

If the line of division seen in sesamoid bones is due to congenital 
failure of fusion between two centers of ossification, and these centcis 
tend to fuse, the incidence of divided sesamoid bones would be e.xpectcfl 
to decrease as age increases; if the line is due to fracture one would 
expect the opposite, namely, an increase in the incidence as age jun- 
gresses and the bones become harder and more brittle and the trauma 
at the metatarsal head becomes greater. That the former of thc.'’e 
conditions is true is shown by table 1. which contains an an<d\.sis o 
bilateral roentgenograms of the feet of four hundred and thirt\-tlucc 
patients above the age of 10 years (866 feet). J al)le I sliows tlie numhci 
of feet with divided sesamoids in various age groups from 10 to > 
years. It will be seen that the incidence steadily rieclines after ( a 
fifteenth year. Tlie number of bilateral cases is seen to lie Iiighc-'t ' 
the earlier age groups. The last tee'o columns of llie tai)Ie dtiiKinstr.i 
a fact which is the converse of the aforementioned obser\.ilion. 
that is that the incidence of se.samoids devcloperl in two jurts non im 
(fig. 8) increase as age increases and as flivided sesamoids dccrca. 

Witii fractures thus practically ruled out, what are the c.iii o 
sesamoid pain? In our scries of patients ofierated on ^ ^ 

pathologic conditions to which the symptoms cntiki he .ittn niti 
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found; there were some cases, however, in which no definite lesion 
could be demonstrated. In the order of their frequency the following 
lesions were encountered : 

(a) Involvement in metatarsophalangeal arthritis, as shown by lip- 
ping and spurs on the sesamoids, with consequent enlargement, pitting 
and thinning of the articular cartilage and sometimes partial or even 
complete fusion of the bone to the metatarsal head. This may, of 
course, be present without evidence of arthritis at other joints. The 
lipping ma}' be visible in the roentgenogram, and fusion to the meta- 
tarsal head may be demonstrated by profile views with the toe first in 
hyperextension and then in plantar flexion. Complete ankA'losis of these 
bones to the metatarsal head results in loss of extension and of active 
flexion at the metatarsophalangeal joint. 


Table 1. — Analysis of Rociitgciwgrains 
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1 12 3 

1 2 ? 7 

2 0 0 
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20 216 


(b) Clironic or subacute bursitis underlying the sesamoids. These 
bursae are found more frequently in clawfoot deformities and in badlv 
muscle-bound feet, and are more liable to become inflamed in these ti'pes 
of feet. The}' vary in size, and the severity of the symptoms is not 
necessarily directly proportional to the size of the bursa. 

(c) ^fedial luxation of the medial sesamoid following exostectomv 
for hallux valgus and bunion. In these cases, lateral roentgenograms 
at rc.st will show the sesamoid in its normal location, while the standing 
Mew shows the medial and upward dislocation. 

hnlargement of the sesamoids does not in itself seem to be a cause of 
pam. The aforementioned patients in whom there were no demonstrable 
patholopc changes were operated on. as were all the patients in this 
.‘^cne,',. for painful sesamoids unrelieved by conservative measures. The 
explanation of the pain in these cases is probably the presence of local- 
ized arthruis not appreciable in roentgenogram or section, rather than 
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iHpartito Lvui!"-^'r some writers. In 

,,f ‘ >il>ial ■Ml.cTck., I,„, i„ o„,- series only hvo 

rn, L '’''“"■‘i*' scsainoMs; this con- 

” *■' ^ •‘^t.iteinem tlial "all painful sesamoicls are bipartite.” 

(Ii-K I I'.uc .seen no patholo.i^ic picture comparable to 

.. ' ^ ^'^5!.' sScluitz. Finochietto and others and called 

se. sanioiditis. "osteomalacia." "osteochondritis,” “osteitis fibrosa,” 
etc. \\ e have three roenti^enofjrams. however, which show the stippled 
ti] peaiance desciihed h_v these authors. Incidentally', these patients have 
not as yet complained of sesamoid pain. Roentgenologically these 
e.sions ha\e the .ippearance of a traumatic osteitis, such as is seen in the 

in tactions ol the metatarsal heads from repeated small traumas. It is 
possible th.it this and the aforementioned obscure conditions are iden- 
tical, in which case the situation could be cleared considerably by 
adopting a single and inclusive term. "Traumatic osteitis” expresses 
the uncertainty that exists and must e.xist regarding these questionable 
conditions until further work is done on the pathology^ of these bones. 


REPORT OF CASES 

In the records of the Xew York Orthopaedic Dispensary and Hos- 
pital there were, up to January, 1930, thirty-one cases in which sesa- 
moidectomy alone had been performed for the relief of sesamoid pain. 
Of these, ten tvere bilateral, making a total of forty-one feet operated 
on. This is e.xclusive of all those cases in wdiich the sesamoid bones 
w^ere removed as a prophydactic measure at the time of other operations 
at the first metatarsal head, and also of those cases in wdiich operations 
to modify the architecture of the foot w-ere performed at the same time. 
The success or failure of these other procedures wmuld obviously affect 
the result of a sesamoidectomy'^, so that even though the sesamoids w'ere 
the seat of real pain, these complicated cases were excluded from the 
present study. 

Of the thirty-one patients operated on, tw'^enty-four were female 
and seven male. The average age at operation was 25 years, and the 
average duration of symptoms was three years, the longest being 
twenty years, the shortest twm weeks. The average length of time 
elapsed since the operation was three years and two months, varying 
between six months and eight years. The onset of symptoms w'as 
gradual, without a history'' of injury', in fifteen cases; it followed other 
operations on the feet (such as exostectomy' for hallux valgus) in 
cases ; in two the onset was sudden, follo'wing injury- Neither of the 
last tw'o cases showed division of the sesamoids. In nine cases the mode 
of onset could not be determined. Preoperative roentgenograms ucre 
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available for thirty-two of the feet operated on, and of these, two, or 
6.2 per cent, showed developmental division of the bone. Xone showed 
fractures. Conservative preoperative treatment had been tried in all 
cases, without complete success. Most of the cases of painful sesa- 
moids in our dispensary are relieved by such conservative measures as 
a metatarsal pad or bar, massage and antiarthritic treatment, only 40 per 
cent of the cases coming to operation in the period covered by this 
report. 

Eight of the feet operated on in this series showed varying degrees 
of clawfoot deformity, seven showed other deformities which might 
contribute toward sesamoid pain, and twenty-six were relatively normal 
feet. A mild degree of muscle-bound foot was not considered a 
deformity. 

The operative technic was the same in all cases ; e.xposure of the 
bones through a mediodorsal or medio-inferior longitudinal incision over 
the first metatarsophalangeal joint, avoiding surfaces which will bear 
weight or be rubbed by the shoe ; and excision of the bone, by sharp dis- 
section, from the tendon in which it lies. Great care must be taken not 
to divide the flexor brevis tendon, especially when both bones are 
removed, and for this reason the use of a tourniquet is essential. The 
bursa underlying the sesamoids is usually not removed. 

In twenty-five feet both sesamoids were removed, in fifteen only the 
medial, and in one only the lateral. The average number of days in bed 
after operation was eight ; in the hospital, eleven. The only postopera- 
tive complication was a superficial wound infection in one case. 

In studying the results of the operations, the cases were divided into 
four groups ; these, with the number of cases in each, were as follows : 

Group 1. Those in which the patients obtained complete relief of 
symptoms, with restoration or maintenance of normal function. In this 
group there were seventeen cases, or 41.5 per cent. 

Group 2. Cases which showed improvement but which could not be 
admitted to group 1 because of minor imperfections in the result, such 
as tender or keloidal scars, impaired motion at the metatarsophalangeal 
joint, persistence of mild pain under the metatarsal head, etc. This 
group comprised twelve cases, or 29.3 per cent. 

Group 3. In this group there were placed seven, or 17 per cent, of the 
patients, whose symptoms were relieved but in whom the flexor brevis 
hallucis tendons ^Yere inadvertently divided in excising the sesamoids. 

ith one exception, this untoward event occurred only in cases in which 
both sesamoids were removed. It results in a typical hammer toe 
defornntY, and repair of the tendon or arthrodesis of the interphalangeal 
joint of the toe is subsequently required to overcome it. 
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SUMMARY AXD COXCLUSIOXS 

1. The sesamoid bones of the great toe are essential parts of the 
human skeleton, appearing early in fetal life, developing in the capsule 
of the joint bv tvpical intracartilaginous bone formation. Later they 
become invested bv tlie flexor brevis hallucis tendons. At no time do 
they appear as part of the phalanx or metatarsal bone. 

2. Ossification occurs between the eighth and eleventh years, often 
from multiple centers which may or may not unite subsequently. Fail- 
ure of union of these centers is believed to give rise to the partite 
appearance of these bones seen in the roentgenogram and often mistaken 
for fracture. 

3. Bipartite sesamoid is a frequent anomaly, occurring in at least 
10.7 per cent of the feet examined roentgenologically in tliis clinic. 
Developmental division occurs in all the sesamoid bones, including the 
patella. We found the anomaly at the thumb in 6 per cent of the 
hands examined. 

4. Developmental division of the sesamoids does not predispose 
toward sesamoid pain. 

5. Fracture of the sesamoids of the great toe is a rare condition. 
That diagnosis should not be made unless a previous roentgenogram 
shows the involved bone to be undivided, or unless subsequent roent- 
genograms or pathologic sections demonstrate the presence of callus. 

6. No specific disease of the sesamoids, such as so-called “sesa- 
moiditis,” “sesamoid osteomalacia” and “tr-pical disease of the sesamoid 
bones,” was found in any of the patients operated on at this hospital. 
The pathologic lesions in our cases, when demonstrable, were arthritis, 
bursitis and luxation. Other conditions have been assumed, but have 
not been demonstrated. Several cases in our series showed no demon- 
strable pathologic condition, and the pain in these cases we believe to be 
due to localized arthritis not shown in the roentgenogram. 

7. Of forty-one patients on whom sesamoidectomt' was performed 
for the relief of pain, we found that 41.5 per cent obtained complete 
relief, and another 29.3 per cent were definitely improved, making 
70.8 per cent who were benefited by the operation. Five patients, or 
12.2 per cent, were not improved. 

8. Seven patients, or 17 per cent, were relieved of their pain by the 
operation, but bad their flexor brevis hallucis tendons inadvertently cut. 
thus acquiring a hammer toe deformity for which further surgical 
measures were indicated. Great care must be exercised in removing the 
bones trom their tendons if this accident is to be averted, especiallv in 
double sesamoidectomv. 
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Although Travers,^ in 1817, first described duodenal ulcer as a defi- 
nite entity, it was Dupuytren - who, in 1826, first called attention to the 
congestion and inflainniation of the mucous membrane of the alimentary 
tract which may be associated with superficial burns. In 1840, 
James Long ^ reported the occurrence of duodenal ulcer accompanying 
severe superficial burns in two ymung girls, but the credit for first 
describing the association of these lesions has usually been given to 
Curling,'* who in 1842 reported four of his own cases of duodenal 
ulceration due to burns and eight additional cases which he had coOected. 
This type of duodenal ulcer has, in fact, frequently been called ‘ Cur - 
ing’s ulcer.” 

INCIDENCE 


Since these original reports, the occurrence of Curling’s ulcer las 
been noted occasionally, but the lesion is apparently by 
frequent. Autopsy records are of doubtful value unless ^ , 

deuce exists that the type of lesion which the statistician is intere tc 
in was looked for. The data presented here should be accepted ) 
this light. Perry and Shaw = found duodenal ulcers 
per cent of all cases coming to autopsy and in 3.3 per cent of . E 
who died of burns. Fenwick" found duodenal ulcerations 


Laboratory of Research Surgery and the Department of Surgery 

(Division C), University of Pennsylvania. ^ Tr. 

1. Travers, B. : Rupture of the Stomach with .'Additional Oiscr\< 

Soc. Med.-Chir. Soc., London 8:231, 1817. 

2. Dupuytren, G., quoted by Moynihan.^-' ^ 

3. Long, James: Post Mortem Appearances Found After urns, 

London 1:743, 1840. . of Purus. 

4. Curling, T. B. : On Acute Ulceration of the Duodenum in 
Tr. Med.-Chir. Soc., London 25:260, 1842. 

5. Perry. E. C, and Shaw, L. E,: On Diseases of the Doodena... G.„ 

Rep. 1:171, 1894. Philadelpb''''' 

6. Fenwick. Samuel : Ulcer of the Stomach and Duodenum, 

P. Blakiston’s Sons & Co., 1900, p. 109. 



McLA UGHLIN—CURLING U LCER 


491 


cent of all fatalities due to burns. Erichsen ' found records of two 
such ulcerations in a series of approximately 13.000 necropsies, man\- 
of them in cases of accident and burn. Harris ® found only a single 
case of duodenal ulcer in about 500 cases of superficial burns, 138 of 
which were fatal. 

The ulcers are more common in young girls, and are twice as fre- 
quent in women as in men. Cases have been reported in children as 
young as 12 months and in adults up to 70 years of age. They occur 
most frequently following burns on the trunk. The severity of the 
burn often is not the determining factor in the production of ulceration, 
since Maes ® reported a fatal case following a limited superficial burn. 
A case of duodenal ulcer following a pelvic burn subsequent to cauter- 
ization for cervical carcinoma, after the method of Percy, was reported 
by Leonard and Dayton.^® 

ETIOLOGY 

The etiology of the intestinal ulceration following superficial 
burns is still vague. No explanation so far advanced seems adequate. 
Curling,'* in his original article, suggested that the cause of the ulcera- 
tion lay in a hyperactivity of Brunner’s glands, which overact in an 
attempt to compensate for a skin which cannot function. He believed 
that the overactivit}' of the glands leads to hyperemia and subsequent 
ulceration. Hunter ** considered the ulcers to be the result of toxins 
secreted into the duodenum through the bile. The possibility of emboli 
serving as a cause has been suggested b}' Billroth and ]\lo 3 mihan,*“ 
particular!}' in cases of infected burns. The many additional theories 
seem so inadequate that they do not warrant further discussion. 

PATHOLOGY 

Curling ■* believed that the ulcers occurred only in the duodenum, 
but they have since been recognized in all portions of the stomach and 
the small intestine. The most common site of ulceration, however, is 
in the duodenum above the ampulla of Vater. Moynihan stated 
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that 75 per cent of the ulcers are limited to the first portion of the 
duodenum. The ulcers usually appear in from two to seventeen days 
aftei the burn, the average time being from six to twelve days. They 
aie acute, may be long and narrow, and tend to progress rapidly to 
hemoiihage, perforation or healing, showing little tendency to become 
chionic. The ulcers may'’ be single or multiple, as many as from forty 
to fifty being reported in a single case, and they may vary' in size from 
1 or 2 mg. to several centimeters. Although the mortality has been 
given as approximately' 100 per cent, this is probably correct only in 
that 100 per cent of the patients whose condition has been diagnosed 
died, but undoubtedly' many' who have had ulceration have recovered. 
A diagnosis of Curling’s ulcer is rarely possible during life, death 
usually resulting from hemorrhage or perforation before the condition 
is recognized. Moy'iiihan found no cases of perforated Curling’s 
ulcer on record in which treatment was successful. 

Premonitory' signs suggesting the presence of an acute ulcer are 
usually lacking, and diagnosis is therefore difficult. In twenty of 
twenty-nine cases reported by Perry' and Shaw ® perforation or hem- 
orrhage, or both, occurred. Hemorrhage is said to occur more com- 
monly than perforation, the latter usually making its appearance on 
the tenth or eleventh day' after the burn. 

The acute ulcer, however, becomes chronic in a limited number of 
instances. Kirchmay'r reported a case of chronic duodenal ulcer devel- 
oping in a boy in association with a severe burn. The occurrence of 
spontaneous healing of the intestinal ulceration is certain, such a case 
having been reported by Curling. 


RELATION OF SEVERE BURNS TO SUPRARENAL DAMAGE 
For some time it has been recognized that superficial burns cause 
suprarenal damage. Weiskotten,^® in 1917, in studying a series of six 
fatal cases of burns, found that hemorrhage and necrosis, which con c 
readily be recognized grossly, had occurred in the suprarenal g an s. 
These conditions and some hy'perplasia of the lymphatic glands appearec 
to him to be the striking pathologic findings in these cases. Sum ar 
findings have been reported by Ravdin and Ferguson.' 

Olbrycht,!" in 1924, found a reduction of lipoids and chroniattin 
substance in the hyperemic suprarenal glands following burns. In a scric.' 
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of five fatal cases of burns in human beings, three in dogs and two in 
rabbits, he found the suprarenals low in or almost devoid of epinephrine. 
In 1926, Greenwald and Eliasberg*® carried out a series of experi- 
ments on rabbits. The blood sugar was determined before and after 
the animals were burned under ether anesthesia. In each case there 
was a rise in the blood sugar following the burn, the height and 
rapidity of the rise being dependent on the severitj' of the burn. The 
blood sugar never returned to normal before death, although at autops}' 
the pancreas showed no lesion. In the animals that died early the blood 
sugar was high, indicating, according to Greenwald and Eliasberg, a 
marked hyperactivity of the suprarenals and a low glycogen content of the 
liver. The animals that lived over twenty-four hours showed suprarenal 
destruction, and there was an associated suprarenal hypofunction 
leading to a high glycogen content in the liver. The liver and pancreas 
showed no gross or microscopic change. The authors concluded from 
this work that during the first few hours after extensive burns, dex- 
trose and epinephrine were contraindicated because of the hyperactivity 
of the suprarenal glands, but in cases in which the patient survived 
forty-eight hours, the administration of dextrose and epinephrine would 
seem important because of the hypoglycemia and the decreased activity 
of the suprarenal glands. 

Lattes carried out chemical analyses of the suprarenal glands in 
fatally burned animals. He found a reduction of cholesterol to 15 per 
cent of the normal amount and an associated reduction of the lipids 
to 65 per cent of the total lipid content of the suprarenal glands. This 
reduction in the lipids, chiefly cholesterol, coincides with attempts at 
hyperplasia of the cortical cells, and usually comes in that period, when 
sudden death ma}^ occur. Deaths during this period were thought to 
be the result of the existing hypogl)'Cemia and exhaustion. Aschoff,-® 
who for years has been interested in the patholog}^ of the suprarenal 
glands, states that suprarenal lipids have a detoxifying function, and 
that their diminution has a pathologic significance in the causation of 
death resulting from burns. If the acute stage of the exhaustion is sur- 
vived, regeneration of the suprarenal cortex usually results. 

Epinephrine has been recommended in the treatment of burns for 
many year s by various authors: Plaza,=" Olbrycht,^- Nakata " and 
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Ravelin and Fergusond® Recent experimental work seems to establish 
It as a sound therapeutic measure in certain cases of severe burns in 
which the patients survive the initial period of twente'-four hours, if 
the S 3 miptoms indicate such therapy. 

Since Weiskotten first centered attention on the suprarenals in 
cases of fatal burn, other authors have reported the presence of supra- 
lenal hemorrhage, often massive, in connection with severe burns. 
1 he case reported b}’ Harris is especiall)’’ interesting. A child 
years of age died with hematemesis on the third da}'^ after an extensive 
first degree burn. Autopsy disclosed a duodenal ulcer with inassii’e 
hemorrhage about the right suprarenal gland, extending into the peri- 
renal tissues, with many smaller hemorrhages into the left suprarenal 
gland. The occurrence of suprarenal hemorrhage and necrosis in burns, 
occasional!}' associated with intestinal ulceration, suggested to Dr. 
Ravelin a possible relationship between these lesions. 

Elliott, -■* in 1914, reported gastric ulceration following bilateral 
suprarenalectomy in cats. The gastric juice in these animals examined 
just before death retained its normal acidity. 

Mann,-® in 1916, performed bilateral suprarenalectoiu)' in sixtj’ dogs, 
the operation being done in two stages. In forty of these animals ulcera- 
tion appeared in the stomach or duodenum before they died or were 
killed. Of forty animals in which only a unilateral suprarenalectomy 
was done, ulcers appeared in only one dog. The ulceration was of two 
types: (a) widespread erosions, limited usuall}' to the fundus of the 
stomach, and (h) punched-out ulcers varying in size from 2 inin. to 
2 cm., located usually in the prepyloric region of the stomach. The 
duodenal mucosa was usually congested, and five dogs showed ulccia- 
tion in this area. These ulcers usually extended down to the musculari.'- 
mucosa, and often a vessel in the base of an ulcer caused hemonhage. 
Ligation of the common pancreatic duct or the formation of an c.xtcma 
biliary fistula did not prevent the formation of ulceus after Idlatcra 
suprarenalectomy. In a group of animals fed soda at fourhour intena 
ulceration developed in onl}' one, which suggests acidity as a factor. 

In a group of ten dogs, posterior gastrojejunostomy was perfonnt' 
between stages of the suprarenalectomy, and in this group ulceration 
developed in only four. In another series, a loop of jejunuin ua.s trail ^ 
planted behind the stomach, reestablishing the intestinal continuit} >} 
anastomosis below this loop. Suprarenalectom}' wa.s then per orn 
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in two stages, and although ulceration appeared in both the stomach 
and the isolated loop, it was much more pronounced in the stomach. 
This seemingl}' indicated that while acidity was a factor, it \\ as not the 
primary one. Mann found that the ulcers usually appeared at the site 
of hemorrhage into the mucosa, and he considered that the}' appeared 
during the moribund period. 

In this connection, the work of Elman and Hartmann is inter- 
esting. These authors were able to produce duodenal ulceration in six 
dogs in which the total pancreatic juice was diverted to the outside 
through an external fistula. The ulcers were rather large and extended 
down through the entire mucosa, usually appearing two weeks after 
the fistula was formed. Berg and Jobling were able to produce duo- 
denal ulceration in thirteen of twenty-three dogs by means of an 
external biliary fistula, and Kapsinow produced duodenal ulcers in 
seventeen of forty-three dogs in which all the bile was short-circuited 
into the terminal ileum through a cholecystenterostomy after ligation 
of the common bile duct. 

Stewart and Rogoff observed gastric and duodenal ulceration in 
forty-eight of one hundred and eighteen suprarenalectomized dogs and 
in twenty-nine of a series of eighty-nine suprarenalectomized cats. Blood 
was occasionally found in the gastro-intestinal tract of these animals 
at autopsy, and the presence of patches of hyperemia, hemorrhage and 
atrophy was noted in the pancreas. Levy and Armingat found gastric 
ulcers in fi^•e of si.x cats in which a two stage suprarenalectomy was 
performed. The ulcers varied in number from one to sixteen. In none 
of these animals was any evidence of ulceration found in the small 
intestine. 

Britton and others performed bilateral suprarenalectomy in a series 
of twenty cats. The average duration of life after operation was 7.5 days. 
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l^ilcUcial suprarcnalccloniizcd cloys survived an average of ten days. 
^Vfter unilateral su])rarcnalectoniy. dogs usually lived for from two to 
thiee months, hut were found to succuinl) in a few days if placed on a 
high protein diet. I he blood sugar in the suprarenalectoinized animals 
began to fall with the hrst indication of suprarenal insufliciency, dropping 
below 50 mg'. j)er hundred cubic centimeters of blood in over one half of 
the animals. Consistently there was a rise in the blood urea nitrogen, 
the values reaching from 40 to 80 mg. ])er hundred cubic centimeters 
of blood. Blood chlorides were found to be diminished, while the blood 
calcium was increased. At autopsy' the animals showed congestion of 
the gastric mucosa, with some ulceration, and an associated congestion 
of the pancreas. Rats, opossums and ground hogs reacted in a similar 
manner, both chemically' and anatomically. Interestingly' cnougli, ground 
hogs subjected to bilateral suprarcnalcctomy during the summer months 
survived for a jrcriod of from one to ten day's, while those ojrerated 
on during the winter lived for from twenty' to one hundred and twenty 
day's, usually dying with the approach of spring. Su’ingle ““ stated 
that in his work the urea nitrogen was the most valuable iiide.v of 
approaching suprarenal insufficiency'. 

Best and McHenry,-" in a recent review of tlie literature on his- 
tamine, called attention to the fact that this substance may be a factoi 
in the j^roduction of i)e])tic ulcer. The relationship between histamine 
and epinephrine was first studied by' Dale and Richards.-'" in 1918. and 
subsequently' investigated by Dale,-""’ Kclloway and Cou'cll,-'' I^nc.is.- 
and others. It has been postulated that many' jjhysiologic ju-oces.ses aie 
efi'ccted in 0 ])]) 0 site ways by' histamine and ci)inephrine. and the f.a't 
that epinephrine may' be liberated from the su])rarena! glands ilb t 
injection of histamine further suggests that these two substances may a 
phy'siologically' antagonistic. Dale-'"' has shown that bilateral siipiaieiia 
ectomy' appears to increase the sensitivity of the animal to histamine 
about thirty' times. The evidence, however, is conflicting rcgaiding t a 
exact nature of this antagonism, and also wlielher it is the coile.v <> 
the suprarenal, the medulla or both that arc active in protecting .igam. 
histamine. 


,3.5. Swingle, W. \V., personal connmuiicafion. 

.31 Bc.st, C. H., and ^tcHenry. R W.: Histamine. Fliysiol. Kev. Jl.'a/ 
,35. Dale. H. H.. and Richards. .A. N'.: The Va.so-Dilalor .Action of He 
and of Other Substances, J. Physiol. S2:II0, I91S. 

,36. Dale, H. H. : Some Chemical Factors in the Control of Oraihtinn, 
1:1179 (June 8): 12.3.3 (June 15) and 1283 ("June 22) 1929. 

.37. Kellow.ny. C. H.. and Cowell. S. J.: On the Concentration of thc^Igo 
the Effects of Histamine in Adrenal Insufliciency. J. Physiol. 57..''-. • 

.38. Lucas. G. H. W. : Blood and Urine Findings in 
Am. J. Physiol. 77: IH. 1926. 
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In this connection, Mcllroy’s report on the production of acute 
gastric ulceration in cats following the administration of histamine 
should be noted. Buchner, Liebert and i\Ialloy produced similar 
ulcers in rats with histamine. O’Shaughnessy was able to produce 
acute gastric ulcers in cats following the injection of histamine into the 
layers of muscle in the stomach. 

Cushing ■*- recently reported three fatal cases of perforated acute 
peptic ulcer following operations for cerebellar tumor. In a complete 
review of all the available evidence to date on the neurogenic origin 
of ulcer, Cushing has collected data which suggest a theory which may 
lead to an entirely different concept of the etiolog)' of certain peptic 
ulcers. 

I was interested in ascertaining whether or not intestinal ulceration 
would occur when the suprarenals were onl)- damaged, not removed. 
Since the Curling type of ulcer undoubtedly occurs in burned patients 
who sundve, I wished to simulate as close!}’ as possible a type of 
suprarenal damage whieh would produce no gross evidence of supra- 
renal insufficiency. Not only did this approach to the subject suggest 
a possible explanation for the duodenal ulcer seen in cases of severe 
burn, but it was felt that additional information regarding the etiology 
of peptic ulcer might be obtained. 

EXPERIMENTAL DATA 

I wish to report observations on twenty-four dogs subjected to 
varying degrees of suprarenal damage. Of the twenty-four animals, 
twenty-one were examined at autopsy. Eighteen were subjected to 
bilateral suprarenal damage, while three had only one suprarenal gland 
traumatized. The suprarenal cortex was injured chiefly, but the medulla 
was also traumatized to a lesser extent, a high frequency coagulating cur- 
rent being used. A minimum period of one week to a maximum period of 
three weeks was allowed to transpire between operations. The animals 
were killed at varying periods of from one week to one month after 
completion of the operative procedure. 

Congestion involving the mucosa of both the stomach and the small 
bowel was noted in six cases, being marked in three and moderate in 
three. Congestion of the mucosa of the small intestine alone was more 

39. Mcllroy, P. T.: Experimental Production of Gastric Ulcers, Proc Soc 
Exper. Biol. & y[ed. 25:268, 1928. 

40. Buchner, F. , Liebert, P., and Malloy, P. I.: Concerning the Experimental 
Production of .Acute Peptic Ulcers in the Rat’s Stomach, Beitr. z. path. .Anat u 

allg. Path. 81:391, 1928. 

41. O Shaughnessy. L. : Etiology of Peptic Ulcers, Lancet 1:177, 1931. 

ni : Peptic Ulcers and the Inner Brain, Surg., Gvnec. & 

55il. 19».')2. 
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sti iking, being of moderate degree in three animals, marked in seven 
and extieme in one. Diffuse hemorrhage into the mucosa of the small 
intestine was noted in one animal, beginning abruptlj^ at the pyloric 
ring and extending down through the duodenum and upper jejunum 
(fig. I). Frank gastro-intestinal hemorrhage with free blood in tlie 
stomacli and small intestine was present in three dogs. 

In seventeen of twent 3 '’-one animals definite ulceration was present 
in the small intestine, being most marked in the duodenum, but also 
present in the jejunum and upper jmrt of the ileum. In no case was 
any evidence of gastric ulceration found. 

The ulcers -were of two distinct types, which I have classified as 
acute and chronic on the basis of their appearance. In ten animals 



Fig. 1 (dog 288). — E.xtreme congestion of the duodenal mucosa, beginning 
abruptly at the pyloric ring and associated with free blood in the small owe . 
This dog died within twenty-four hours following cauterization of the secon^ 
suprarenal gland. Numerous areas of superficial ulceration were found iu t te snia 
bowel at autopsy. 

the ulceration was of the acute type (fig. 2), appearing as SHpcrficinI 
circular or ovoid areas of mucosal destruction, with clean, punchc oii^ 
borders extending onl}" partiaJl}’ through the mucosa. From uc ^ 
ten ulcers were frequenth' present throughout the duodenum aiv 1 | 
jejunum. The average length of life following the first 
this group of dogs was 17.3 dat’s. Nine of the ten animals wt 
subjected to bilateral cauterization, while the remaining animal b<u 
one suprarenal gland damaged. _ .. 

Seven of the seventeen animals presented definite 
ulcers of a more chronic type (fig. 3), with hea|)ed-up etges 
excavated craters at autop.sy. These ulcers appeared in the ( no' 
jejunum and upjwr part of the ileum, from three to eight being p’’*- 



Fig. 3 (dog 433). — Duodenal and jejunal ulceration following bilateral supra- 
renal cauterization. The dog was killed thirty -two days after the primary opera- 
tion. and autopsy revealed considerable fresh blood in the gastro-intestinal tract. 
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I'ig. Low power piiotomicrograph tlirough the edge of a “chronic” ulcer, 
showing the crater overlying an area of Ij'niphoid tissue. 


subjected to bilateral sujjrarenal damage. Ulcers appeared on the bases 
of Pet’er s patches (fig. 4) and in areas where no lymphatic genniiial 
tissue was present. In fact, no definite location on the intestinal wail 
shotved a predilection for them. 

Gastric analysis in three animals showed no definite variation from 
normal. Studies of the blood sugar were made on eleven fasting 
animals during the postoperative period. The average blood stigan 
was 82 mg. per hundred cubic centimeters, the lowest being 40 mg- 
hundred cubic centimeters and the highest, 126 mg. per hundred cubic 
centimeters of blood. Tests for sugar tolerance were performed pre- 







I'iR. 6. — Low power section showing necrosis of mucosal cells. Early stage of 
lorniation of deep ulcer following bilateral suprarenal damage. The cellular reac- 
itnn Is apparent. The muscularis mucosa is intact. 











Fig. 7. — High power section through base of the ulcer. Glandular 
have near!}’ disappeared, and the mucosa is replaced by inflammatory and necro > 
mucosal cells. 

the postoperative period. These studies suggested that suprarenal insiif 
ficienc)' was not present to ant’- marked degree. 

At autopsy the suprarenals showed a varying degree of destructton, 
■with fibrosis and regeiieration occurring in some sections. Examination 
of the pancreas in each instance disclosed no gross lesion. 

Microscopic sections of the more superficial ulcers showed a 
scribed destruction of the superficial mucosa, but there was no et i 
of an}' chronic cellular exudate. There were some congestion a ^ 
h}^peremia of the tissues, but the picture was that of an acute u cera 
process without marked cellular reaction (fig. 5). 
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Sections of the deeper ulcers showed a much more marked destruc- 
tion of the mucosa; in some places it was almost entirel}' destroyed 
(fig. 6). The muscularis mucosa appeared to be partially eroded in 
some sections, but in none was it completely destroyed. Glandular 
elements were almost entirely absent from the base of the ulcers, and 
great numbers of lymphocytes and polymorphonuclear leukocytes were 
seen in the tissues forming the walls of the craters of the ulcer (fig. 7). 
No thrombi were visible in any of the adjacent vessels. 

COMMENT 

There can be no doubt that peptic ulcer is being seen more fre- 
quently in medical and surgical clinics during recent years. Stimulated 
by the problems which this increasing number of patients presents, a 
considerable amount of experimental and clinical data has been pub- 
lished in an effort to explain the origin of the lesions. 

In the experimental laboratory, gastric and duodenal ulceration has 
been produced in animals by manj^ and varied methods. Most of the 
experimental work has been directed primarily against the stomach or 
duodenum, on the assumption that peptic ulcer is essentially a local 
disease. That experimental ulcer can be produced by mechanical, 
chemical or traumatic procedures cannot be denied. That the funda- 
mental basis for these lesions is always local is open to question. 

The concept that peptic ulcer may take its origin on a neurogenic 
basis is by no means new. Beginning with the work of Rokitansk}-, 
to whom credit is given for first suggesting a neurogenic basis for 
gastro-intestinal ulceration, Cushing recently clearly reviewed the 
entire subject. 

The relationship bebveen the sympathetico-suprarenal system and 
the parasympathetic nervous S3-stem has in recent years been carefullj' 
studied. These ffvo systems, in the normal person, presumably exist 
in a state of balance. A variety of conditions, however, may interfere 
and alter this relationship, leading to a predominant effect of one 
system over the other. To quote Cushing: 

As far as the stomach is concerned, on this working basis of imbalance between 
the sympathetic and parasympathetic system, it is known that vagal stimulation 
causes increased motility and secretion, whereas sympathetic stimulation gives 
reverse effects; and as a natural corollary vagal paralysis diminishes secretion 
and motility, whereas sympathetic parab'sis increases them, presumably by releasing 
the vagus from the check normally exercised by the sympathetico-adrenal apparatus 
against its overactions. 

In the balanced relationship existing between the sympathetic and 
parasympathetic systems, the suprarenal glands play an important part. 
Bilateral suprarenalectomy has repeatedly resulted in gastric and some- 
times duodenal ulceration in various types of laboratory animals. The 
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rJirrj m Mtrli ttisf.jti.vs i-. m hrra}; ati imj.ortaiit link in tiic homeo- 
sf.'iM-. i,t {hr atitdial. tn thr *•x|.^•rin^'•^lt^ rcjiortcd in tiiis paper the Jink 
u.i. not I o.npirtrly hioja-n. In {.‘tct. a.s far as ! was able to ascertain 
>} ( lit imc.il -.tttilir-- iif the hlfiotf, at tnost only a minor degree of stipra- 
re .i.il iiiNittilfirncy c-\istrft. .V«'Vrrtiiflt>>, .seventeen of twenty-one ani- 
tti.ils o{) whifl) autopsy was p'-rformefl .showed .some tvpe of ulceration 
of ihr sin.!!! lioua-!. 

!t is itilefestimt tliat gastric niceration wa.s not oliservcd in any 
inst;ince, altliongli congestion of the ga.stric muco.sa was ohscr\'ed. 

! am nnalile {<i e.vplain why ga.stric tikcr lia.s hcen repeatedly ohsen'cd in 
the siipnircnalectotnire'! animal, wliiie in tlie experiments reported liere, 
wfuTc tile .snprarenals were only fjamaged. tlie ulceration occurred in on!}' 
flu- .small iute.stifn'. It tnay In- thought tliat tlii.s could be explained 
on the ha.si.s tiiat many of the ulcer.s aj>j)earerl in the lymphatic follicles, 
hnt many had no sncli l)ackgromul and were situated in such posi- 
tioii.s on the inte.stinal wall as to he well removed from any Fever’s 
patche.s. 


I do not feel justified, with the evidence at hand, in offering any 
definite explanation concerning the origin of these ulcers. The fre- 
(jnency with which they occur following simple damage to the suprarenal 
glands, however, .siiggest.s that a definite relationship probably exists 
between the .suprarenal glands and the gastro-intestinal tract. Whether 
the dnodonal and jejunal ulceration is the result of a break in the syrn- 
jiathetic cliain. with a resnitaiit hyperactivity of the parasympathetic 
glnnd.s acting through the vagus, remains to be definitely proved, 
although such a .scrinencc of events would seem to suggest itself. 

The relationship ijctween suprarenal activity and histamine is as yet 
also purely conjectural. Dalc^® and Best and McHenry* have sug- 
gested a ph}'sioIogic antagonism between these substances, but it is not 
possible, at this time, to go beyond the mere possibility of such an 
antagonism existing normally’ in the organism. 


SUMMARY 

1. Suprarenal hemorrhage, either microscopic or macroscopic, is a 
common finding in cases of fatal burns. 

2. Partial destruction of the suprarenal glands, not sufficiently exten 
sive to cause gross suprarenal insufficiency^ results in the rather constant 
production of ulceration in the duodenum and jejunum of the dog. 

3. In a series of twenty-one dogs, seventeen showed definite ulcera 
tioii in the small bowel after bilateral suprarenal cauterization, but m no 
case was ulceration seen proximal to the pydoric ring. 

4. Perforation never occurred in any’’ of the animals, although gross 
hemorrhage into the intestinal tract was observed in three instances. 
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5. In ten animals the ulcers were of the acute superficial type, while 
in seven ulcerative lesions were revealed at autopsy which both grossly 
and microscopically appeared more chronic. 

6. The possibilit}^ that suprarenal damage ma}' disturb the normal 
balance between the sympathetic and parasympathetic nervous S3^stems 
is discussed. 

7 . This experimental work ma}' add further support to the neuro- 
genic theory of formation of peptic ulcer, although the entire subject 
is not as yet clearly understood. 
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This paper deals witii some of the anatomic and physiologic pecu 
liarities wliich govern the operative treatment of certain lesions of the 
contents of the anterior cranial fossae, and includes a description of a 
method of exposing the latter. It is not intended to be in itself a com- 
plete survey of the field ; many practical points have been recorde ^ y 
other surgeons, and reference will be made to these in the appropn 
places. Details concerning the various types of lesions are best assemb e 
in papers which are confined to a particular type; because many su 
studies are now available, it may be not unprofitable to revert now 
then to a regional outlook, by attempting to combine m broad ™th 
account of the surgical difficulties which are the ^ 5y 

the product, of lesion and site. Although much of whrf follow y 

be already familiar to individual surgeons, the paper 
considerable experience, which insures that any Proce<iu e « 
described, and any statement that is made, has at least been subject 

exacting tests. 

POINTS IN THE SURGICAL ANATOMY OF THE COVERING OF THE 

ANTERIOR FOSSAE 

The surgeon is especially interested m the extent the 

in the arrangement of the diploic veins, an m .^^^-^tion ivith the 
dura and its vessels. These features are su 
age of the patient ; for example, neither the frontal 
is fully developed in childhood. _ , 

Frontal Sinus— The extent of the frontal sinus ^ enough 

roentgenograms of the head. In children it '' tlap, but in 

to be in the line of the lowest perforation of a P traditional 

adults it may extend as high as 5 cm. on the fore ea . 
to lay stress on avoiding it, but we have never seen harm 

From the Section on Neurologic Surgery, the Atayo Clinic. 
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opening it ; such an opening may be plugged with bone wax or covered 
with animal membrane (Adson) but if the mucous membrane is intact 
a small bit of muscle is enough. Rarely the sinus may encroach on the 
base of the bone flap ; Logan Turner ^ has recorded a case in which it 
was limited laterally by the bony wall of the temporal fossa, and mesially 
extended along the roof of the orbital cavity as far as the anterior edge 
of the optic foramen. 

Diploic Veins (fig. 1). — An illuminating paper on the veins of the 
diploe was published by Jefferson and Stewart" in 1928. The subject 
is naturally of interest to the neurologic surgeon, because it is useful 


/v-oterioj. 



Fig. 1. — The arrangement of the diploic vessels (solid lines) and meningeal 
vessels (open lines) as viewed from above. (By the permission of the British 
Journal of Surgery and Messrs. G. Jefferson and Stewart.) 

to know the points on the edges of the skull and the bone flap where 
bleeding from diploic veins is to be expected. The frontal diploic veins 
take the form of a stump}^ “Y,” the stalk of which emerges through a 
.small opening in the supra-orbital ridge to join the angular vein. In 
the temporal part of a bone flap will be the anterior and posterior tem- 

1. Turner, A. L. : On the Illumination of the Air Sinuses of the Skull, with 
bonic Observations upon the Surgical Anatomy of the Frontal Sinuses, Edinburgh 
M. 1. 45:460, 1898. 

2. JefTerson, Geoffrey, and Stewart, D. : On the Veins of the Diploe, Brit. J. 
Surg. lG:/0 (July) 1928. 
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pot.il \'cins, which coiivcr/^c toward the great wing of the sphenoid, 
\\Iieie lhc\' conininnicate with tiie meningeal veins on tlie one hand and 
with llic .sphcnoj)arie(al sinus on the other. It is said that frequently 
the anterior tcni[)oral vein runs more deeply, in the dura, and that its 
course is re{)rcsciUcd by the groove anterior to that for the middle 
meningeal vessels : it ends in the sphenoparietal sinus. It is always 
necessary to apply hone wax to the cut outer end of the great wing of 
the sphetioid to check the free oor.ing which is a result of the anasto- 
mosis between diploic veins, meningeal veins and sphenoparietal sinus. 
Bleeding from the inner surface of the bone flap is venous, and the 
multitude of small oozing points represents the places of anastomosis 
between diploic and meningeal veins. 



Fig. 2. — Greatly enlarged diploic veins in a case of large right fron 
meningioma. 

The arterial supply of the bone flap is derived from branches of th 
deep temporal arteries on the outer side, and from branches o 
middle meningeal artery on the inner side. The surgeon makes use 
this arrangement when he strips the temporal muscle from below upw 
from the greater part of the bone flap, to lessen the risk of a ‘ 

tive extradural collection of blood. Although this proce ure 
deprive the bone of most of its remaining blood supply, its vi a i J 

singularly rarely jeopardized. _ -t f t' of 

Not all cases of intracranial tumor are accompanied by di a a 
the diploic veins. In some cases, however, these veins may e ‘ 
that the cutting of the bone flap is a formidable 
possibility of great loss of blood (fig. 2). In these it is a goo P ‘ _ 

Adson has shown) to cut a broad groove in the bone wit i o 
nibbling forceps; it is then possible to plug each canal wnti wa.x, 
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cannot be done through the cut made by a Gigli saw. This method should 
also be used for isolating any piece of skull invaded by a meningioma. 

jr)i„-a.— The arrangement of the dura in two layers has been utilized 
by Elsberg ® to secure the gradual decompression of tumors in the under- 
lying frontal lobe. The bone of the flap is sacrificed, and the outer layer 
of the dura stripped off ; the increase in intracranial pressure gradually 
stretches the thin inner layer, which prevents the brain from breaking. 
This maneuver is well adapted to cases in which intracranial tension is 
so high that the dura cannot be opened safely, and in such patients, we 
have used it with satisfaction. The separation is best begun toward the 
base of the skull, where the line of cleavage is easiest to find. 

A man who had a large spongioblastoma multiforme of tbe left 
frontal lobe was relieved of his symptoms by this operation in the month 
of October. We learned of his death in the following March, and 
that in the interval he had driven a rotary snow plough. 

Middle Meningeal Vessels (fig. 1). — ^The middle meningeal arterj^ 
crosses the great wing of the sphenoid, to divide into anterior and pos- 
terior terminal branches. The former runs toward the pterion, and 
sometimes it is completely surrounded b}* bone ; indeed in one case we 
saw it appear on the external aspect of the skull, where it was cut when 
the temporal muscle was incised.'* It courses toward the vertex behind 
and parallel to the coronal suture. The posterior branch is directed 
toward the middle of the parietal bone, over the squamous temporal; 
here it divides into branches which pass both upward and backward. 
Jefferson and Stewart have pointed out that the caliber of the middle 
meningeal artery is larger than is necessary for the supply of the avas- 
cular dura alone, and that it is of relatively large size so that it may 
nourish the overlying bone as well as the membrane. 

The branches of the meningeal veins lie between the corresponding 
arteries and the bone, and they are responsible for the grooves on the 
inner aspect of the skull. Above they pass to the finely-meshed caver- 
nous systems of the lacunae, the presence of which prevents fierce 
reflux bleeding from the longitudinal sinus when the veins are divided 
near the vertex. They communicate freely with the diploic veins; in 
long-standing hydrocephalus the blood in the diploic veins is likely to 
collect in pools around these communications. 

3. Elsberg, C. A. : The Role of the Dura Mater in Cranial Decompressive 
Operations; Note on the Preservation of the Inner Layer of the Dura in Cranial 
Decompression Operations, and on the Use of the Outer Dural Laver for the 
1 lastic Closure of Dural Defects, Ann. Surg. 87:15 (Jan.) 1928. 

4. This anomalous course was the cause of a musical murmur synchronous with 
c.ardiac systole, and loudest over the gap in the bone. 
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when it is possible, incisions into aity part of the cerebral cortex should 
be made parallel to the vessels, and in the watershed between the t^YO 
sources of arterial blood, the brain should be uncapped (to use the term 
introduced by Cushing ') until the edges of the opening are well within 
the territories of both arteries. 

Under certain conditions it is desirable to remove (uncap) the 
anterior end of a frontal lobe, in order to improve the access to baso- 
frontal or hypophyseal growths. Naturally because of the intellectual 
functions of the frontal lobes this maneuver is employed as seldom as 
possible; but we have not noted any prohibitive degree of intellectual 
impairment after its use. The watershed between the territories of 



the anterior and middle cerebral arteries forms a convenient line to mark 
the limits of amputation. When lobectomy is judged to be the best 
method of treating an intracerebral growth, the amputation may be 
carried 3.5 cm. posteriorly from the frontal pole before the cavity of the 
ventricle is reached. 

I'cuis (fig. 4). — ^The veins of the frontal lobe that are exposed by 
frontal craniotomy are arranged in superior and inferior groups.® 

/. Cushing, Harvey: Intracranial Tumors, Springfield, 111., Charles C 
Thomas, 1932, 

S. Browning, William: The Veins of the Brain and Its Envelopes: Their 
fo'ij’”'”-'’ Bearing on the Intracranial Circulation, Hew York, F. B. O’Connor, 

Bcr^- : Some Points in the Anatomy of the Intracranial Blood 
Sinuses, J. Anat. &: Physiol. 45:69 (Jan.) 1911. 
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The superior j^^roup consists of two named veins, the frontal and 
the j)reecntral, and pcrhaj)s two or three smaller unnamed veins. The 
veins of this ,i[ronp begin in small venules about a finger’s breadth above 
the level of the horizontal limb of the fissure of S3dvius. Occasionally 
an additional vein jiasses upward between the named veins ; this is the 
superior branch of the superficial svlvian or Trolard’s vein, and it con- 
nects the latter witii one of the superior cerebral veins, or with the 
longitudinal sinus; sometimes it is so large that it seems to be the chief 
sujwrficial vein for the anterior part of the hemisphere. These veins 
increase in size as they approach the longitudinal sinus; from about half 
an inch to an inch from their termination they leave the surface of the 



Fig. 5 .— The ways in which the cerebral, meningeal^ and veins; 

longitudinal sinus; a, dura mater; h, longitudinal sinus; c, and h 

c, meningeal vein; f, subarachnoid space; g, falx cerebri, , 
cerebral cortex. 

brain, cross the subarachnoid space, and apply Commonly 

surface of the dura mater, usually where it forms a • 

there will be two lacunae in the field of operation, a 

under which the frontal vein disappears, ^s. It 

large parietal lacuna, under which the precentra j^l^ost 

been pointed out by Stopford » and by Le the sinus 

always the cerebral veins do not open into the lacun , 

direcriy (fig. 5). The close application of the ce«hral 

surface of the lacunae is therefore cleceptne, 

^T^^rd, J. S. B.: The 1930 ''" 

Cerebral and Cerebellar Veins, J. Anat. 64:-57 ( pn ) • ) 

10. Le Gros Clark, W. E. : On the Pacchionian Bodies, J. Anat. 

1920. 
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belong to the meningeal and diploic venous systems. This anatomic 
arrangement is not without surgical significance; it allows an operator 
to stop the bleeding from a lacuna without interfering with the return 
of blood from the hemisphere. Commonly the terminal part of each 
venous trunk is joined by a vein from the mesial surface of the lobe ; 
not infrequently, however, the latter veins enter the substance of the 
falx cerebri about midway betrveen its upper and lower borders, and 
pass upward to the longitudinal sinus. When they are at all enlarged 
they may offer a formidable obstacle to the displacement of the lobe from 
the falx. 

The frontal vein approaches the sinus at a right angle, and the pre- 
central vein is inclined somewhat forward. The openings of the cerebral 
veins into the sinus are “so constructed and arranged that they are 
permanently open,” ° and it has been suggested that this provides a 
physiologic mechanism to maintain a pressure in the cerebral veins 
sufficient to withstand the pressure of the cerebrospinal fluid. The 
distortion of these veins b}' parasagittal tumors has been dealt with b)"^ 
Elsberg in a valuable paper. 

The inferior group comprises the veins which drain the lower and 
under aspects of the lobe, and they join the cavernous and superior 
petrosal sinuses. Two named veins follow the sylvian fissure, a super- 
ficial (vein of Trolard ^-) and a deep vein. The former follows the 
fissure ; at its anterior end the vein penetrates the dura at the outer end 
of the small wing of the sphenoid, curves around over the floor of the 
middle fossa and ends either in the superior petrosal sinus or in the 
cavernous sinus ; this vein is to be safeguarded if the frontal lobe must 
be displaced. The deep r^ein lies at the bottom of the sylvian fissure, and 
when it reaches the anterior perforated space, it unites with the anterior 
cerebral vein from the longitudinal fissure, and with veins from the 
orbital surface of the lobe, to form the basal vein of Rosenthal.^® The 
basal vein curves backward around the crus cerebri to join the vein of 
Galen. 

No hard and fast rule can be laid down regarding the neurologic 
complications which may follow ligation of these vessels. At least in 
the child, the longitudinal sinus is said to communicate at its anterior 
end with the veins of the nose, so that after its occlusion there is a 
possible channel for the return of the blood. However, ligation or 


11. Elsberg, C. A.: The Parasagittal Meningeal Fibroblastomas, Bull. Neurol 
Inst. \ew York 1:389 (Nov.) 1931. 

n Trolard” is not infrequentl}-, but incorrectlj-, applied to 

le vein that connects the superficial sylvian vein with one of the superior cerebral 
^elns^or with the longitudinal sinus. 

l.v Occasionally these tributaries of the basal vein open into the cavernous sinus. 
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rcsocUon of tin: simis is seldom necessary, even for the removal of 
pnrasagiUal nieiiingioinas. The nearer to tlie rolandic fissure a ligature 
has to he placed, the more likely is paresis to appear; fortunately this 
is usuall}' temporary. Tears in the sinus are best sealed with pledgets 
of muscle; if necessary, these may he held firmly against the tear by 
anchoring sutures, passing from the dura of one hemisphere to that 
of the other. 

Ligation of the cortical veins themselves is rarely unavoidable, occa- 
sionally, howc\'er, their upper ends may course over a tumor from which 
they cannot he separated. The degree and extent of the paralysis which 
follows their purposeful occlusion varies with the pattern of the veins. 
We have seen a case in which ligation of the upper end of the pre- 
central vein was not followed by any gross paralysis; in another case, 
ligation of the lower end of the precentral vein was followed by hemi- 
plegia, which improved somewhat in the course of time. In a^t 
case, in which the superior branch of the vein of Trolard was tied urmg 
the removal of the parasagittal meningioma, a permanent brae la mono 

plegia resulted. 


SURGICAL DIAGNOSIS OF TUMORS OF FRONTAL LOBES 
In certain circumstances the final localization of a tmnoi 
frontal lobe may require preliminary surgical measures. ^ e 
stances may be grouped as follows: (1_) when it is cer am 
cranial tumor is present, but no localizing feature can j^gLing 

when, as not infrequently happens, the clinical 
either with a tumor of one frontal lobe, or with a turn t PP 
cerebellar lobe, and (3) when it is tolerably ^ 7 side, 

growing in one of the frontal lobes, but t ° pos- 

Ventriculograms will decide any of these difficulties ^ u ^ Jjagnosis 
sible to dispense with the injection of air and o re y 
on the results of ventricular puncture. ventricular 

Tumors of the frontal lobes do not of Monro 

system in the same way. Those that are near ^ ^ ventricles, so 

may obstruct the flow of fluid from one or o 

that these become dilated; the dilatation is situated 

greater on the side opposite to the tumor, .^hen g 
in the anterior part of a frontal lobe, dilatation ^ 
and the ventricle on the side of the tumor may 

than normally. _ filling defect 

A tumor of a frontal lobe gives rise to a ^^'^Titricle (fig- 
in the anterior horn of the corresponding latera of tL lohe, a 

the tumor is large and is situated on the anterior horn alfO- 

similar filling defect may be apparent in the opposit 
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This pressure must be transmitted through the falx cerebri, and the 
occasional occurrence of these contralateral filling defects shows that 
the falx is by no means a rigid partition. Naturally, bilateral filling 
defects are found in the presence of a bilateral parasagittal tumor such 
as a meningioma, or of a tumor of the corpus callosum. 

For the surgical localization of tumor of a frontal lobe it is best, 
and often quickest, to tap both lateral ventricles. If a small ventricle, 
containing only a few cubic centimeters of fluid, is encountered on one 
side, the procedure need not be prolonged, for this finding not only 
rules out cerebellar tumor, but also lateralizes the growth. When both 



Fig. 6. — Characteristic filling defect in the anterior horn of the lateral ventricle 
produced by a tumor in the frontal lobe. 

r entricles are found to be dilated, it is wisest to proceed with the injec- 
tion of air, because only in this way can a diagnosis be made between 
supratentorial and infratentorial growths. Although the dilatation may 
be marked enough to raise a suspicion that the growth is below the 
tentorium, if it is in a frontal lobe its presence will be betrayed by a 
hlhng defect sliowm in the lateral ventriculogram. When the filling 
defect IS bilateral, the growth may be lateralized by inspection of the 
anteroposterior ventriculogram; the ventricular system is always dis- 
placed away from the side on which the growth (or, in the case of a 
V a era! tumor, most of the growth) is present. A^'hen the fluid 
oinamccl by ventricular puncture is xanthochromic, it is likely that the 
tumor impinges on or invades the ventricular system. 
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OPKUATIVE TIXIIMC 

Mtthnds of . I /’fti oiu !i 7). — Various tiietiiods arc in use for exposing the 

contenls of an .mterifir fossa, or anterior fossae. Wlicn a unilateral exposure is 
( csired, tlic Iiotn" [)art of the flaii is placed so as to give the required access, and 
tlie choice of shin incision varies with tlie preference of the surgeon. Thus it 
nia\ conform to the ouliinc of the hone flap (Cushing, Adson) ; it may be shaped 
to turn forward as a Iiroad-liascd flap, wlicreas the bone flap turns outward (Naff- 
ziger,’’* Frazier'-'), or it may he made parallel to the coronal suture (Souttar,''' 
Learmonth ’•). l!.xcellent access is also given by an osteoplastic flap, the base of 
which, both .skin and bone, follows the supra-orbital ridge and a corresponding 



level in the temporal fossa (Sachs i®). When both anterior fossae 
the procedure may be the forming of bilateral osteoplastic flaps, open 


14. Naffziger, H. C. : Personal communication to the authors 

15. Frazier, C. H. ; Differential Diagnosis of Lesions m and Atj. 

Sella Turcica. Am. J. Surg. 16:199 (May) 1932. r c„r(r;cal Access to 

16. Souttar, H. S. : Hunterian Lecture on Few iMethods of Surgic. 

the- Brain, Brit. M. J. 1:295 (Feb. 25) 1928. Fnideniwid Cyst 

17. Learmonth, J. R., and Kernohan, J, W. : Tlirce Cases o -p 

of the Brain, S. Clin. North America 11:853 (Aug.) 1931. j otiis, 

18. Sachs, Ernest: The Diagnosis and Treatment of Brain Tumor., 

C. V. Mosby Company, 1931. 
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and cut either through a coronal incision or through incisions in the skin corre- 
sponding to the outlines oi the bone flaps; or, as Sachs prefers, the roof of both 
fossae may be turned forward on a base which follows the supra-orbital ridges. 
Before tlie bone is lifted off the superior longitudinal sinus, Sachs recommends that 
the sinus be freed from the bone ; when making a bilateral exposure we prefer to 
leave a girder of bone, however slim, over the sinus, because the bone flaps can be 
firmly secured to it at the end of the operation. 

Technic . — For some time we have used the technic, a description of which fol- 
lows, to obtain access to the contents of the anterior cranial fossa. It is described 
in detail, not as an improvement on other methods but as a procedure which has 
■been satisfactorj- in everj' way. 



\Ve have used local anesthesia whenever possible, supplemented by the adminis- 
■tration of a suitable dose of one of the barbiturates the night before operation, and 
-again an hour or so before the injection is made. If the patient wishes a general 
anesthetic, for reasons which will be stated this is best continued through an intra- 
tracheal tube. The patient is placed on the operating table with the face pointing 
upward, and the occiput resting in a “doughnut” made of cotton wool. 

The incision (fig. 7 r) passes across the head, in the line of the coronal suture; 
the advantages of an incision of this tj-pe have been enumerated by Souttar. The 
scar IS within the hair line, and this may have an economic as well as a cosmetic 
appeal. It divides the scalp in the watershed between the territories of the internal 
and external carotid arteries. When the osteoplastic flap is replaced, the line of 
the incision in the scalp is not superimposed on the incisions in the cranial bones. 
It is often unnecessary to make the long tragus-to-tragus incision described by 
Souttar ; this is indispensable only when it is possible that a bilateral exposure maj' 
have to be secured. When the operation is to be strictly unilateral, for e.xample in 
dealing with a hypophyseal adenoma, the incision may be stopped halfway between 
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"'c median line and t! 

Of IL o,>po5.tc Mde, „,id,vav J,chvccn (L “’<= J’^ir-iine 

K s.on ,s mark-cd Ji^^lnlv o^, the skh J, utTI "" 
in ^ sliotild ke * towels arc sewn in place along 

'’f one of the .snlnres' a, J l f, vessels 

f siionld he placed i„ the Ihc of e-. f 

to control these vessels. Jf these 1 eLi ? *“pra-orhi(aI artery, in an endeavor 
>"P from the incision is n,i„, ‘nnl ^re successfully placed, bleed- 

f'or edge is controlled in tlTL^ ^.7:T deeding from its poste- 

plea, for they aid retraction hr fhetV t t? ‘'Ppf’cation of Jiemostats to the 

U most convenient to use the skit, rli f ’ anterior edge we have found 

•and not so cumbersome (fie 0) \\n Adson, which are as effectual 

"«■'> 10 II, c snlca ’™"'' 



F'fi. P. Method of coi.trollii.g hleedii.g from the edges of the 


incision. 


mttrll-n 'f ®*'''PP'=d f'-oni the forehead and everted, until the supra-orbital 

,, reacie , where the supra-orbital artery may have to be tied; if a general 

trarlip^Vt if “scalping” is least hindered by the use of an I'lifra- 

It’m.'t ^ r *1 scalp is also stripped backward about 5 cm. to the posterior 

s of the proposed incision in the bone. The edges of the incision arc kept 
apart by some form of self-retaining tractor. We have found it advisable, for 
'c reasons, to make the perforation near the nasion with a frcpliinc; before 
+<*-1 periosteum with its base over the supra-orbital ridpe is 

r , 1 ^ cliosen for the perforation (%. 10). In men, i)ccaasc 

le possi 1 ity o baldness, the mesial middle perforation may also be made wrt/i 
a rep line. le total number of perforations required will vary ; when the skull 
IS ucf, an wi^eii the vascular channels on the inner table have proiniiiciit h.inks, 

^ ^ perforations makes for case in passing tlic guide for the Gigli 

After the bone flap has been broken outward, the intracranial prc.ssiirc may be 
^ '*■ I’c unwise to open the dura. If a tumor is present, and it k 

, le in racranial pressure can be sufficiently reduced by partial evacuation of 
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the cyst through a brain cannula, or a spinal puncture needle of large bore; the 
cyst can be more easily identified later, if it is not completely emptied. If the 
tumor is solid, the intravenous injection of 100 cc. of a 50 per cent solution of 
dextrose will often lower the intracranial pressure enough to allow the surgeon 
to open the dura. When the dura has been opened, access to the hypophyseal region 
and to the orbital surface of the frontal lobe is improved by allowing the head to 
fall backward, when the weight of the frontal lobe will tend to displace it from 
the orbital plate of the frontal bone (fig. 11). 

The methods of dealing with meningiomas exposed by cram'otomy of this tj-pe 
have been discussed in a practical manner by Elsberg. If a subcortical tumor 
is suspected, it may be sought for, and when found, delimited by cautious punctures 
with a brain cannula ; for this purpose we have found it best to employ the stilet of 



Fig. 10. — Wound towels have been sewn to the galea. Anteriorly a flap of 
periosteum has been retracted, and the disk of bone beneath it has been removed 
by a trephine. 


a stout hypodermic needle, to which an olive tip has been fused, the resilience 
of the shaft of this “seeker” making it verj- sensitive to changes in the consistence 
of the brain tissue.ia If a tumor of the glioma group is found, the surgeon must 
ecidc either to be content with providing decompression, or to attempt the removal 
of the wliole or part of the growth. Although this is a general problem, its various 
a.spects may be considered in this section. 

INhatever the peculiar circumstances of the case, certain generalizations are 
a\ai able to aid in the decision. The surgeon is concerned lest, as a result of his 
operation, llie patient remain’ aphasic or his intellect be blunted. The former condi- 
lon arises wh en the growth involves the so-called speech center on either side. On 

19. This suggestion was made by Dr. H. E. Robertson of the Mayo Clinic. 
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the whnk. it li;is hfcti our experience tliat wlietlicr liie defect in speech is the result 
of pressure on, or ncliia! invasion of, IJroca’s area, the risk of producing permanent 
atul complete ai)liasia is rarely so preat as to proliihit a radical attack on a rela- 
Inely litmigii .grou lli. Aforcover flic presence of so-called motor aphasia does not 
necessarily reduce the iiitcllectiial capacity of the patient. With regard to tlie 
latter condition, we may begin b.v stating that onr own e.xpcrience coincides with 
that of Sachs that lesions of a particular frontal lobe, for example the left in 
right-handed persons, do not lend to a more profound intellectual defect. 

i he most striking change in pcrsonalit 3 ' that we have met was in a right-handed 
woman, who had an astrocytoma in the right frontal lobe. She had a mild dispo- 
sition before her illness, and the onh' feature in her case, other than bilateral choked 
disks, was (he jicriodic occurrence oi violent outbursts of anger, in one of which, 
she attacked her son-in-law with a pitchfork. 

T lie iirohlem of conservation of inlollcct is therefore present regardless of the site 
■of the tumor. The largest issue may he taken first; it has been the collective 



Galea 

Fig. 11.— A dural flap has been fashioned. The superficial sylvian 
noted leaving the hemisphere to pass into the dura of the middle fossa. 'c 
shows a figure-of-eight suture for closing tlie skin and galea. 


■experience at the Mayo Clinic, that primary frontal lobectomy for tumor i- 
almost invariably followed by some degree of permanent mental 
sometimes has been so extreme as to be socially and ecommneal y o 
Therefore we hardly ever employ this type of operation. The pro 
partial or total removal of a growth is best viewed from the s a 
pathologic anatomy. Tumors confined to the pole of the lobe can 
without much risk of intellectual impairment, and for this there are ' 
and architectonic reasons. When the tumor occupies the bodj o i 
decision is more difficult. When the tumor is cystic, or when it 
wholly encapsulated, it is likely that the fibers about it have )ccn i • j. j 


compressed, and thus physiologically blocked; m these circums ai ,j,^.r 

attempt at extirpation is likely to be followed by restoration o u 

than by further impairment, and all neurosurgeons arc familiar ni i ^(ion of 

■often dramatic improvement in mentality which may occur during an 

this nature. On the other hand, ill defined tumors such as astrocj 
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between the fibers, often without compromising their function, and any attempt at 
extirpation must perforce include with the tumor tissue physiologically intact 
cerebral pathways. Large tumors of this histologic nature are probably best treated 
by decompression only, for their life historj’’ is so prolonged that the interests of 
the patient are best served by relief of the increase in intracranial pressure; as 
Holmes 20 has emphasized, many “mental” symptoms are due wholly to generalized 
increase in intracranial pressure. Paradoxically enough, in the case of the most 
malignant spongioblastoma multiforme, its pseudo-encapsulation suits it for sub- 
total removal, as providing the greatest relief during the short period which its 
host has still to live. 

Other factors may influence the surgeon’s decision. The wishes of the patient’s 
friends must be consulted, and if possible those of the patient himself. It may be 
that grave risk must be taken in an effort to afford the patient an interval of 
mental clarity during which he can settle financial or domestic affairs ; an excellent 
example of the successful shouldering of this responsibility is quoted by Cushing. 
The economic condition of the patient and his family is a ponderable factor, for, 
on the one hand, more radical measures may be employed when one is sure that if 
physical and mental symptoms persist, adequate care is available during the remain- 
der of the patient’s life, without imposing an intolerable financial and personal 
problem on his friends ; on the other hand, occasional aberrations which would be 



Fig. 12. — Drain for craniotomy wounds. 


merely fantastic in an unskilled laborer might lead to irretrievable catastrophe in 
a person occupying a position of financial or professional responsibility.-i 

One other pathologic point may be mentioned : when the “tumor” proves to 
be composed of blood vessels, our experience coincides with that of Bailey and 
Cushing, that it is best not to attack it directly. It has been the practice at the 
klayo Clinic to treat these lesions by decompression, followed by adequate roent- 
genotherapy, and the results have been as satisfactor}' as the operation has been 
safe. 

When the intracranial part of the operation has been completed, we are in 
the habit of covering with Cargile membrane anj' part of the cortex uncovered by 
dura : the piece of membrane is shaped to lie under the edges of the incision in the 
dura, and is kept in place by replacing the dural flaps over it. However, when 
there is any possibility that a cyst may have to be retapped, we do not place 
membrane over the area of cortex that will be traversed by the needle, because the 
tough membrane may interfere with the puncture. 

In cases in which cerebral tissue has been removed, and in those in which the 
intracranial pressure following operation is likely to be low, we invariably leave a 
dram m posi tion. The drain consists of a soft rubber tube, slit at one end, and 

-0. Holmes, Gordon: Discussion on the Mental Symptoms Associated with 
Cerebral Tumors, Proc. Roy. Soc. IMed. (Sect. Neurol, and Sect. Psychiat ) 24- 
vv/. i9ol. 

21 . Bailey (personal communication to the authors) also emphasizes this point. 
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contniniiif' a wide of f'niti'c (Tif'. 12). It is laid along the base of tlie flap, with 
its cut end flattened over the brain as a guard, and the end of tiic gauze resting 
on the outer end of the small wing of the .sjdicnoid bone. It is brought to tlie 
surface through a small stab wound over the posterior inferior end of the incision 
in the hone, about 3 cm. I)ehind llie main incision, A waiting suture is left in the 
stab wound. .Surgical drainage of craniotomy wounds is a bogc}' which should be 
stripped of its terrors ; we have never seen an.v infection as a result of it, or any 
Iirolonged leak of cerebrospinal fluid, and we have never had to deal with post- 
o[)crative hematoma in a case in which a drain had been used. 

After the hone fl.ap has been sliapcd. if desired, for decompression, it is replaced 
and sutured to the skull by three threads of strong silk, passed through drill holes 
corresponding to its anterior and posterior ends, and its upper angle. Fixation o 
the hone flap holds it in position until the wound in the bone has consolidatec , an 
thus in the case of an inoperable growth helps to avoid the formation o a arg 
cerebral hernia, a complication wliich is as distressing and repugnant , 

to surgeon as any in the practice of surgery. Tlie dislc of bone from t ic ore i 


is replaced, and its periosteum sutured over it. , i ■ ■ stai hx 

At this stage, if hypertonic solutions have been used, and the brain is - 
(as after operations on the hypophysis), it is a good plan 1° 
physiologic salt solution intravenously: this restores tlie buK o i 
oliliteratcs the space between tlie frontal pole and the dura. 

Fi,»U,. the inebio,. i., .I,a skin is dosed. In te nbsence oi tag fe « « 
increase in intracranial pressure, this is conveniently J “^1! loop of 

figure-of-eight sutures, which embrace the galea 'sHn are sutured sepa- 

Ihe 5. When the intracranial pressure is high, 8^’“ the 

rately. At each end of the wound a small rubber dram i 1 

nasion. These allow the scalp to fall .against the a d ^ 
in forty-eight hours, when their exit is closed by a ,„,de to 

head is firmly hand.agcd with a gauze band.age, t position, 

run from forehead to occiput, so that the sea p is pr 

Postol’crativc T rcatvicnt.—hny oozing winch " ^ tl,c i,ead of 

is or should he venous; tlie .J .^tion'of a postoperative 

which is elevated, to diminish the as a result cither of 

clot. If there has been a reduction m the bulk of b"‘ ’ , p.^tlis), or of 

shrinking and retraction (as after operations lie face 

removal of tissue (as after extirp.ation of tumors), the P t 
downward for about twelve hours ; this position iatraclural or extra- 

forward against its bony case, .mid thus minmiizcs k p^jn^tivc dccom- 

dural bleeding. If the intracramd ’ ^Ps^aemed to be less froubk 

pression for bulky growths, we have pought tbc'-e 

from cerebral edema as a result of disloc.ation o le . mnin- 

his head pillowed on the side of the opcr.ation, so f te and prevent 

tainccl on the flap. In such eases .an effort may two or three 

the edema, by the intravenous administration '’>P pp^tent of dextrose, W'H 
times a d.ay. The .amount of these injections, and mouth. I'’ 

vary with the amount of fluid which the patient is ^ ^ py Cii.shin.C. 

of every precaution it sometimes happens, as has ic decompression 

the redistribution of the intr.acrani.al contents which ^ ‘f ° 

to the development of ccrcbr.al edema. This compheat fp,,„;nating: >' 

decompression of a spongioblastoma on the operatnk 

loc.a] anesthesia is being used, the patient maj anesthetic he may r’ ' 

table, and if he has been under the influence of a g 
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recover consciousness when it is discontinued. Both these events are of exceedingly 
grave omen, and although the patient may live several days, we cannot recall an 
instance of either in which the patient responded to treatment, and ultimately sur- 
vived. When this complication seemed imminent, in cases in which the opposite 
lateral ventricle was dilated, we have tried the effect of draining it for a day or 
two with a flanged cannula or a ureteral catheter, but without an\' consistent 
amount of success. 

After successful interventions, patients who have been mentally clouded often 
regain their intellectual faculties rapidly. In other cases, the process of mental 
restoration is gradual, and in still others it may occur rapidly, after an inter\-al 
during which operation seems at first sight to have been disappointingl3' valueless. 
During such transitional stages, careful nursing is of great importance ; the burden 
of nursing care ma\' be greatlj’ lightened bj- the use of a retention catheter, and the 
regular cleansing of the bowel b\' enema. The nurse’s greatest difficultj' is often 
the overcoming of an unreasoning negativism on the part of the patient, and this 
may make his feeding a crucial problem. In such cases, the quickest solution of the 
difficult}’ is to feed through an indwelling nasal tube, on a concentrated fluid diet 
rich in vitamins. If the season is suitable, the sooner the patient can be taken out 
of doors the better, and these airings not infrequently prove to be the turning point 
in his convalescence. 

In an uncomplicated case the drain in the suture line and that in the flap are 
shortened in twenty-four hours, and removed in forty-eight hours. When a drain 
has not been used, lumbar puncture performed on the first and second days helps 
to rid the cerebrospinal fluid of any broken-down red blood corpuscles. If the 
frontal subarachnoid pathways for the absorption of cerebrospinal fluid have been 
interfered with as a result of a destructive operation on a frontal lobe, it may be 
several days before the necessar}' readjustments are made in the disposal of the 
fluid, and after removal of the drain it may be necessar}’ to assist the absorbing 
system by aspirating, with a needle and syringe, collections of blood-stained cere- 
brospinal fluid under the flap. 

Now and then a patient who seems to be making a satisfactory’ recovery’ dies 
with a suddenness that does not give time for treatment; in these rare cases death 
appears to be due to respiratory’ failure, and the features of the accident suggest 
pulmonary’ embolism, but at necropsy no macroscopic reason for fatality can be 
found. 

If figure-of-eight stitches have been used to close the skin, they are cut on the 
seventh day, allowed to loosen overnight, and removed on the eighth day. When 
the skin and the galea aponeurotica have been closed separately, the sutures in the 
skm may be removed in two days. In either case, at the end of ten days a simple 
ointment applied as a dressing for a day or two will remove anv crusting from 
the scar. 

operability of TUilORS OF THE FRONTAL LOBES 

During the eighteen years from 1914 to 1931, one hundred and eighty 
tumors involving one or both frontal lobes have been verified histo- 
logically at the Alayo Clinic, either at operation or at necropsy. Of 
these, one hundred and sixty-two were observed during the period of 
ten years from Jan. 1. 1922. to Jan. 1, 1931. The pathologic diagnosis 
ot these growths is shown in the tabulation. 

Tliese figures cannot be utilized to determine the incidence of each 
t.vpe of tumor, because many cases have been excluded in which a 
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.siioni.i w as ]M(jI)al)l\ picscnt, hut was not verified. On the other hand, 
roin the point of view of llie practicing neurosurgeon they can be 
used to deteiniine the miini)er of each t^'pe of growth which he may 
expect to encounter at oj)eration. 

If the table is examined in this wav, the first striking figure is the 
unusu.dly high percentage of meningiomas found in the frontal region. 
In our series the}' amount to 41.7 per cent of all A'erified growths, in 
conliast to 13.4 per cent, the proportion of meningiomas occurring in 
Cushing s series of 2,023 verified tumors of the brain as a whole. This 
high frecjiiency of meningiomas is explained by the occurrence in the 
frontal region of two basal sites of election for such growths, the 
meninges covering the olfactory grooves and the meninges in the neigh- 
borhood of the sella turcica. Thus of our seventy-five meningiomas. 


One Hundred and Eicjhty Cases of Tumor of, or Involving, the Frontal Lobes 


nistoloKlc niatfno.«!s 


IIcmnnKtol'Instonia 
(innirlloc.vtonin 


SponRloblnstomn polaro 
.Actroovtoinn 


Ollpoclojidroblastoina 

Epentlymoma 

Sarcoma 

Lympbosarcoma (inotastatio) 
.•Uicnocarcinorna (metastatic). 


Cases 

Per Cent 

75 
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4 

2 2 
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2 

1.1 

i 
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42 

23..'! 
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4.4 

IT 

0.4 
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2.S 
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3.3 

0 

5.0 

8 

1.7 

1 

0.6 

1 

0.6 

1 

0.0 
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thirty-three were situated on the convexity of the lobe, twentj'-one were 
parasagittal, five were suprasellar and sixteen were attached to an 
olfactory groove. 

Meningiomas of the convexity of the frontal lobes, including pa^ 
sagittal meningiomas, are nearly alwaj's operable," although the (i 
culties and dangers attending their removal vary widely from operation 
to opei'ation. The most easilv dealt with are the rounded growths pre 
senting solely on the outer surface of the lobe and wholl}' intracura^ 
Involvement of the skull and of the scalp at once increases the tec nnea^ 
difficulty of extirpation, although the problem of dealing with the ( e^oc 
in the bone has recentl}' been simplified by the suggestion of ^•a 
that the tumorous bone be boiled and replaced as an autogenous ^,ra 
our colleague Craig has used this device in two recent cases, '' it i 

22. We say “nearly” always, becatise we have .seen a case in winch ^ ‘""'"j 
had been present for more than thirty' years. It had resisted 
]iad finally come to involve almost the whole of one side of the shii , ns 
erupting- into the temporal muscle. 
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happy results. A more difficult problem is the removal of parasagittal 
grorrdhs ; their small presenting area, close to the median line, belies the 
often huge bulk of tumor hidden between hemisphere and falx. More- 
over their attachment corresponds to the area of confluence of the 
cerebral and meningeal veins with the longitudinal sinus. Precise direc- 
tions for the management of these veins have been given by Elsberg. 
Here it may be added that when it seems advisable to increase exposure 
by incising the brain, advantage may be taken of the vascular watershed, 
to which reference has been made ; thus the growth may be uncapped 
by removal of the edge of the lobe supplied by the anterior cerebral 
artery. Although such a procedure violates the rule that incisions into 
the brain should be made parallel to its arteries, it has the compensating 
advantage of being placed parallel to the long association tracts. IMost 
difficult of all to deal with are parasagittal meningiomas which are 
bilateral. There is no royal road to their successful removal ; only slow 
deliberate manipulations are possible, and the difference between success 
and failure often depends on the judgment of the operator as to how 
much his patient can tolerate at one sitting. 

The intricacy of the important structures around the growth makes 
the removal of a suprasellar meningioma a difficult surgical problem; 
Cushing and Eisenhardt have recorded the relations of a number of 
specimens. The process of disentangling the growth from such adjacent 
structures as the optic nerves and chiasm, the anterior cerebral arteries 
and the \vall of the third ventricle may tax the endurance of both 
patient and surgeon. It has been suggested b}- Cushing that greater 
freedom of manipulation could be obtained by deliberate division of the 
optic chiasm, and the anterior communicating arten,’ occasional!}’ binds 
down the growth in much the same rvay as the chiasm. The division 
of this artery between clips would not, in the majority of instances, lead 
to any arterial insufficiency, but it must be remembered that in a cer- 
tain number of cases the anterior cerebral artery of one side is the direct 
continuation of the anterior communicating artery, and in such a case 
di% ision of the latter vessel W’ould be at least hazardous. A meningioma 
m tins situation sometimes follows the arteries in its growth, so as to 
form a tumorous sleeve for them, and such tumors are obviously inoper- 
able ; we have met with one specimen, in which the only vessel in the 
circle of \Villis not enclosed in a layer of tumor tissue was the left 
posterior communicating artery. 


2.>. CushinR, Harvey, and Eisenhardt, Louise; Meningiomas Arising from the 
n icrculum Scllac with tiie Syndrome of Primary Optic .\trophy and Bitemporal 

wld defects Combined with a Normal Sella Turcica in a Middle-Aged Person 
Arch. Ophth. 1:1 ( Jan.l ; 16S (Feb.) 1929. rrerson. 
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iMcningionias of the olfactory grooves are generally operable. Occa- 
sionally, as in a neglected case which we saw, the tumor may ultimate!}' 
invade the lateral mass of the ethmoid bone, and in such a case prudence 
would dictate that at least the lower part of the growth be left undis- 
turbed. In securing adequate exposure of large growths in this region, 
the jrrinciple of uncapping the frontal lobe through the arterial water- 
shed may be luse fully employed. 

We have alluded to the treatment of angioblastic growths. The 


solitary ej^idermoid cyst encountered in our series was easily evacuated. 

With regard to gliomatous tumors, of a total of ninety specimens, 
forty-two, or almost half, were identified as spongioblastoma multi- 
forme ; their complete enucleation is an impossible achievement, although, 
as has been mentioned, partial removal is usually in the best interests 
of the doomed patient. Of the seventeen astrocytomas, six tumors vere 
cystic and contained a removable mural nodule. Some consideration has 
been given to the factors which guide the surgeon in dealing with so i 
specimens, and the}' a.pply to all the more slowly growing gliomas. ^ 
brief, we believe that the smaller the tumor, and the more anterior)' i 
is situated, the more radical should be the attempt at extirpation, arger 
and more ill defined tumors, that approach the j'". 

prefer to deal with by decompression alone. A further patho ogic p 
may be emphasized : On more than one occasion we have ex i P 
such growths because the immediate histologic diagnosis has een 
cytoma, only to be disappointed by the later finding tiat seci 
at leisure from various parts of the tumor showed areas w 
formed to the histologic picture of spongioblastoma multifonn . 
appears to be a not inconsiderable group of such the 

has deterred us from, rather than encouraged us in, attemp 
more radical treatment of large infiltrating gliomatous tumors. 



A REVIEW OF MODERN TREATMENT OF BURNS 


J. PEYTON BARNES, M.D. 

HOUSTON, TEXAS 


HISTORICAL DATA 

Grecian mytholog)' teaches that of all the animals man was the last 
race created, and in consequence thereof was most poorly endowed 
with physical gifts. So Prometheus stole fire from the hearthstone of 
the gods on Mount Olympus and bestowed it as a gift which would set 
man apart from all other animals. And so it has. But the sword with 
which civilization was founded is a two-edged one, and since time 
immemorial the followers of Aesculapius have sought to bring relief to 
those luckless mortals who have felt its bite. 

The remedies that have been employed in the treatment of burns 
are legion. But after all, the treatment of burns has developed along 
certain paths to reach its present state. At the beginning of 1800 
physicians were not so far away from the lard and aromatic oils of 
Hippocrates, and the first great improvement was the antiseptic treat- 
ment. Pirrie, of Aberdeen, in 1867 ^ advocated the use of phenol after 
hearing Lister read a paper on its antiseptic value. Morris,- in 1882, 
in this country, was the next strong advocate of antisepsis in the pri- 
mary dressing. The principle of strict surgical cleanliness did not 
receive the endorsement it deserved until the beginning of the present 
century, as almost every burn was promptly smeared with some grease 
and then the patient was taken to a physician for treatment, thus making 
primarj' antisepsis a practical impossibility. The next advance was in 
learning that the burned patient had to be treated just as energetically 
as the local lesion itself, and Parker,® in 1844, was one of the first 
to urge treatment of the patient for shock. This principle was not 
stressed until late in 1880, and the significance of the observations of 
Cumin * in 1823 and of Baraduc ® in 1862 relative to the increased 


From the service of Dr. A. O. Singleton. Professor of Surgerj-, iledical 
Department University of Texas, John Sealy Hospital, Galveston, Texas. 

Thesis submitted to the Faculty of Surgery of the Graduate School of Aledi- 
emc of the University of Pennsjdvania in partial fulfilment of the requirements for 
t 'c degree of Master of Medical Science (^[. Sc. [Med.]) for graduate work in 
Surgery. 

1- Pirric, W . ; On the Use of Carbolic Acid in Burns, Lancet 2:575, 1867. 

Morris. R, T. : The Local Treatment of Burns, M. Rec, 22:653, 1882. 
lir I'c -j Bums and Scalds, in Cooper, Samuel : A Dictionarj- of Prac- 

a mgerp-, ed. /. New York. Samuel S. and M'illiam Wood, 1844, p. 140. 

4. Cumin; F.dinhurgh M. & S. J. 19:337, 1823. 

a. Baraduc; Unione med.. ^fay 19, 1863. 
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\ iscosit\ of tho hloocl in extensive burns did not receive its just clue 
until the iiresenl cenluiy. Now the local lesion and the patient are 
treated witli ecpial vi.t^or. 

Lnlhusiasin for treatment of the local lesion was somewhat luke- 
watiu until I assavant '■ introduced the continuous submersion method 
to icplace the time honored occlusive dressings of oils and ointments. 

1 he continuous hath has its ach'oeates today, particularly for infants, 
hut it is not universally ]')ractical)Ic, and hence is not widely used. In 
1887. Co]K‘land ' made a radical departure from the older methods and 
introduced the open air treatment, ly enclosing the burned area in 
jra.slehoard boxes and allowing nothing hut air to touch the local lesion. 

1 his treatment had no followers of note until 1905, when Sneve ® again 
brought it forward. From 1905 to 1914 there were many controversies 
hetween the two schools of practice, and when Barthe de Sandfort” 
introduced paraffin wax, or “ambrine” as it was originally known, 
maiy clinicians adopted this new type of closed dressing. However, 
its disadvantages were many, and the search for a better local treatment 
was carried on through extensive clinical laboratory research. The 
culmination was reached in 1925, when Davidson produced his classic 
work on the use of tannic acid. 


PATHOLOGIC CHANGES IN BURNS 
Burns are classified according to their depth. The older classifica- 
tion of Dupuytren included six degrees, but clinicians of today, par- 
ticularly in England, Germany and this country, recognize only three. 
burns of first degree, or simple erythema; those of second degice, or 
blistering, and those of third degree, or charring. 

A burn is a coagulation necrosis of the structure involved and gncs 
rise to the same inflammatory phenomena as occur in any other voun 
Lee’s table shows the similarities between the pathologic phenoinciL 
of burns and those of inflammation. 


Burns 

1. Erythema, or first degree, equivalent to 

2. Blistering, or second degree, equivalent to 

3. Charring, phlegmon, or third degree, equivalent to 

4. Suppuration 

5. Cicatrization 


Inflammation 

Hyperemia 

E.xiidation 

Necrosis 

Suppuration 

Repair 


6. Passavant; Deutsche Klin. 10:348, 365 and 373, 1858. 

7. Copeland, W. P. : The Treatment of Burns, M. 45:1 

8. Sneve, H. : The Treatment of Burns and Skin Grafting, J. A- • • 


(July 1) 1905. . lyj.-zq f.\pril 1"*' 

9. Barthe de Sandfort, E. : Bull. Acad, dc med., Pans 

10. Davidson, E. C. : Tannic Acid in the Treatment of Burns, Surg., 

Obst. 41:202, 1925. ^ ^ ^ and 

11. Stewart, F. T., and Lee, W. E. : A Manual of Surgerv 
Graduates, ed. 6, Philadelphia, P. Blakiston's Son & Co., p- 
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A burn, therefore, should be regarded as a surgical wound. -Although 
it exhibits all the phenomena commonly associated with a surgical 
wound, it presents one striking difference in that a wound is a solution 
in the continuit}'^ of a given structure, whereas a burn of the skin, for 
example, is a solution of the vital continuitt' of that structure, but not 
of its physical or mechanical continuit}'. This I believe to be the 
outstanding characteristic of the burn wound, and failure to recognize 
this distinction has made the successful treatment of burns a contro- 
versial subject for centuries, the despair of predecessors and above all, 
“a consummation devoutl}* to be wished.” No other type of injury' 
can cause solution of the vital continuity' with presen'ation of the 
phy'sical or mechanical continuity of so large an area of tissue as a burn. 


PATHOLOGIC PHYSIOLOGY OF BURN'S 
The normal, healthy, unbroken skin is composed of a cellular or 
epidermal layer, the corium or connective tissue layer, in which are 
embedded some of the hair follicles and sweat glands, and the main 
vascular or capillary bed. The delicate capillary' walls form a closed 
system. Each individual cell of the tissues constitutes a unit unto itself, 
receiving its food and oxy'gen and giving up its waste products through 
a membrane by means of osmosis and diffusion. In a burn these struc- 
tures are subjected to great heat, which may' destroy' the epidermal cell 
layer and leave the corium, through which pass the majority of the 
SB eat glands and hair follicles, to end in the subcutaneous fat. This is 
strikingly shown in second degree burns of Negroes, in whom the 
burned area resembles a white polkadot dress with thousands of tiny' 
ack spots, each representing hair follicles and sweat glands (fig. 1). 
le physical continuity' of the corium is unaltered, but its vital con- 
tinuity is greatly changed. The outer lay'er of cells is destroy'ed; the 
eeper cells are so injured that cellular unity' is lost, and the intra- 

each pour out. The capillary' walls are broken down, and 

^ Cl tiny ressel stands wide open ready to receive into its lumen any' 
"ith which it comes in contact. The blood plasma, contain- 
throi ferments of which little is known, pours out 

content^ open capillaries and mingles with the liberated intracellular 
activitv^ ^eontaining proteases and other digestants essential to cell 
once 't 1 ^ medium in which chemical changes begin at 

down bv'tl^ 'l” composed largely of protein material which is broken 
clionilr-,! subjected to the action of the various 

biochomiV Pyosent. The whole area becomes a seething laver of 
from wbi^ stewpot of the “Grim Reaper,” the brew 

the unfnrn ' T”' • into the blood stream of 

nnate victim of a burn. Each systole of the patient’s heart adds 
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icI to the n.uiic In }nimj)in^ fresh plasma into the mixture, and each 
diastole sucks away from it the higidy toxic products newly formed. 

Clinical cxpetiencc and experimental research have shown the toxic 
products poured so rajddly into tJie blood stream to be fraught with dire 
possibilities. Afaii}' difierent substances have been found, but no one 
sj)cciric lo.xin has been isolated. Ihe majority of investigators agree 
that the chief offender is some product of protein metabolism which is 
manufactured at the site of the burn;^° its manufacture and absorption 
begin at the inception of the burn, and enough to produce death may 
be absorbed within the first twelve hours (Vogt^-). 

1 he absorption of toxic products occurs mainly within the first 
twenty'-four hours, by which time the reparative processes close the 
ojrcn capillaries, and any absorption thereafter is by osmosis through 



Fig. 1. — Tanned membrane peeling off. Second degree burn in a Negro boj. 


the reestablished walls of the capillary bed. Robertson and Boy 
have shown that a lethal amount can easily be absorbed within tl)c ir-‘ 
eight hours; hence the primary treatment is of utmost importance m 
preventing subsequent toxic shock. 

Normal skin is a most efficient insulator and heat regulator ^ 
body. The destruction of large areas of skin results in . 

loss of body heat through radiation (Lee”), noth an mcrca.se m swe 
pending the application of proper treatment, fhe advantage o 
ing tlie burned patient in a very warm room or near a fire 
nized at an early date, hut the reason for it only recenf y 
generally known and accepted, largely through stinlics tnne c ( nrin 


12. Vogt, E. : Versuclie iiclicr die Uchertragbarkeit ties \ erbrenn ft ■ 

Jtsebr. f. e.xper. Path. ti. Thcrap. 11:191, 1912. g 

13. Robertson, B., and Boyd, G. ; To.vemia of .Severe Super i 
.ab. & Clin. Metl. 9:1, 1923. 
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World War. The benefit derived from the widely used electric light 
cradle is due to the constant maintenance about the patient of a higher 
temperature than the normal body temperature, which prevents loss 
of heat from the patient’s bod}^ 

The fluid lost at the site of a burn is the whole plasma of the blood 
(UnderhilP'*). Until the capillary walls have been repaired there is a 
steady depletion of the blood plasma which Anally results in, first, a 
marked concentration of the blood, as shown in a number of cases cited 
by Underhill and his co-workers,^® and secondly, in extreme dehydra- 
tion due to the mobilization of all available water in the tissues. It is 
the increased viscosity of the blood which soon offers so great a resis- 
tance to contractions of the heart muscle that shock is either produced 
or increased. 

The total plasma proteins and the total plasma volume drop during 
the first twenty-four hours, but if the patient recovers they return to 
normal within the next few days. When the toxemia increases during 
this latter period, the loss of plasma proteins continues even though the 
volume of plasma remains normal ; in such cases the loss of proteins 
occurs throughout the capillary bed of the entire body, owing to the 
alteration of its permeability produced by the absorbed toxin (Davidson 
and Matthew Coincident with the loss of plasma at the site of the 
lesion is a marked loss of sodium chloride. This can be estimated by a 
determination of the blood chloride, and an effort can be made to 
replace it. In this connection it has been shown that an animal can 
lose and compensate for the loss of from 3 to 36 per cent of its total 
sodium chloride content of the blood (Underhill, Kapsinow and Fisk ^'). 


MECHANISM OF DEATH FROM BURNS 


From a clinical standpoint, mortalit}’' from burns is divided into 
three major divisions; (1) deaths within the first twent 3 '-four hours 
Fom primary shock; (2) deaths in from one to three weeks following 
injur} accompanied b}^ all the evidences of a marked toxemia, or those 
roin secondai-}' toxic shock, and (3) deaths from sepsis. This gen- 


F. P.; Changes in Blood Concentration with Special Reference 
w treatment of Extensive Superficial Burns, Ann. Surg. 86:840, 1927. 

RWa .F- P- : Carrington, G. L. ; Kapsinow, R., and Pack, G. T. : 

cancp f Changes in Extensive Superficial Burns, and Their Signifi- 

ir n Treatment, Arch. Int. Med. 32:31 (July) 1923. 

Burns A^rrf*°c’ ^fatthew, C. W.: Plasma Proteins in Cutaneous 

*iurns. Arch. Surg. 15:265 (Aug.) 1927. 

i-m of^wS’’' F-. and Fisk, M. E.: Studies on the Mechan- 
Chloridcsmn An™al Organism; V. Relationship of Blood 

Pliy.riol. 95:334 Produced by Superficial Burns, Am. J. 
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hlid'tivnSl ™<i I lim 

» . , I..U U M.fficcn.ly ,.rac,icaHc lo be followed in the present 


sludv 
fills 


tlic d-ism'iw 1^'"' 1"'° cases of burns seen during 

cicath . .rV'''"’'r- n”"’ inclusive. There were forty 

cent) ° "^"'C'lty-seven deaths (67.5 per 

seenih'^’? '‘”^1 thirteen (32.5 per cent) from 

•secondary toxic shock. ^ 

\n the deatlis in the first twenty-four hour period occurred during 
1 o OWK s lock. Not all of the patients were in a state of severe shock 
ac mission, but the developinent of this profound shock was rapid, 
coniiiig on U oin tliree to eight hours after the burn without preliminary 
delirium. Tin's empliasizes the great importance of immediate and ener- 
t,ctic tieatmcnt. Patients surviving the primary shock but dying from 
secondary^ toxic sliock later can be divided into two distinct clinical 
gioups. The first group (and the larger in this series) after thirty'-six 
houis shows evidences of a marked toxemia by increase in temperature 
and pulse rate, both of which remain high as the patient becomes 
lestless, irrational and finally’’ frankly’’ delirious, and dies from four to 
eight day’s following the burn. Nine of our cases were of this ti'pe, 
presenting the clinical picture of a progressive toxemia with fatal issue. 

In the second group the temperature is usually above 100 F., and the 
pulse rate ranges from 90 to 110 during the first ten days. The appear- 
ance, from the standpoint of ultimate results, is most deceptive. After 
ten day’s or so, and for no apparent reason, diarrhea, anuria, or both, 
or some other untoward symptom develops ; the patients become irra- 
tional and delirious, go into a state of profound shock and die with 
dramatic suddenness. We had four deaths of this character. 

Primary shock is the main cause of death from burns. Reduction 
of the mortality rate calls for immediate, strenuous treatment to over- 
come it. The basic etiology’ of shock from any’ cause is not understood, 
but the outstanding clinical characteristic of shock is a failing circula- 
tion. Circulatory failure, vasomotor impairment or paralysis occuns 
primarily from either or both of two general causes. The heart muscle 
fails to function adequately’ when subjected to a powerful biochemical 
depressant, such as a drug or a bacterial or other toxin, or when the 
mechanical load is too great for the normal cardiac reserve, ^hc 
influence of a burn toxin on the cardiac mechanism in this early perm’ 
cannot be ignored, but the extreme circulatory weakness may !'<■ 
explained largely’ on a more mechanical basis when one recalls tlnf 
the amount of work done by' the heart is tremendous, being estimate 
at 102,332 foot-pounds of work every twenty-four hours. 
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Underhill, Kapsinow and Fisk have shown that the volume of 
blood plasma poured out at the site of a burn is enormous. In animals 
burned over one sixth of the body surface, the amount lost was 70 per 
cent of the total volume of blood. They estimated in clinical cases in 
which one third of the body surface of a 160 pound man is burned that 
7,000 cc., or appoximately 140 per cent of the total volume of blood, 
may be lost at the site of injury. They reasoned that this may repre- 
sent the limit to which the organism can give up its reserve water 
without losing its normal volume of blood, and when the limit of tissue 
water mobilization is exceeded a fatal outcome is considerably aug- 
mented by the inability of the organism to furnish water to maintain 
blood of a consistency compatible with adequate circulation. 

Further experiments with colloidal and noncolloidal dyes by the 
same workers indicate that the loss of plasma occurs almost entirely 
during the first twenty-four to thirt 3 '-six hours, and mainly during the 
earlier hours of this period. In severe burns the concentration of the 
blood is marked and rapid. It is much easier to prevent concentration 
of blood than to restore the normal level after a high concentration is 
established. The explanation for this is based on purely physical laws. 
The water equilibrium between the blood stream and the tissues is the 
resultant of two osmotic forces. The colloids of the tissue tend to 
pull water from the blood stream into the tissues, while the colloids of 
the blood stream pull water from the tissues. When the whole plasma 
of the blood escapes in a burned area, the osmotic pressure of the 
remaining cellular contents is greatl)”^ increased as the amount of colloid 
per unit volume is greater. The available tissue water is then drawn 
into the circulatory s^'stem to reestablish blood volume at the expense 
of dehydration of the tissues. If the fluid drawn from the tissues 
remained in the blood stream, probably no ill effects would ensue, but 
it is promptly poured out, while the cellular elements of the blood 
remain and again increase the concentration of blood. When the 
tissues have no more water to give up, the mechanical resistance offered 
b\' the increased viscosity of the blood so increases the work of the 
heart that it falters, and profound primarr^ shock begins to develop. 
-Vny fluid now introduced into the circulation cannot be retained because 
the depleted power of the blood colloids is overwhelmed by the tissue 
colloids, which continue to draw water into the dehydrated tissues until 
their force is reduced by dilution. 


h. LndcrliiU, F. P.; Kapsinow. R., and Fisk, M. E. : Studies on the Mechan- 
Exchange in the .\nimal Organism: III. The Extent of Edema 
'Inul hormation Induced by Superficial Bums, Am. J. Physiol. 95:325, 1930. 

19. hndcrhill. F. P.; Kapsinow. R., and Fisk, M. E.; Studies on the klechan- 
iMii oi W.ater Exchange in the .Animal Organism: II. Changes in Capillarv Per- 
nieahdity Induced by Superficial Burns, Am. J. Physiol. 95:315. 1930. 
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'J'o .siiiiiiiicirizc, (luring the first t\s'enty-four to thirty-six hours the 
Iiurncd area acts as an open valve through which pour out first the blood 
plasma, then the mobilized tissue water and finally the water introduced 
from without minus the toll taken from it by the dehydrated tissues. 
After the first twenty-four to thirty-six hours, the capillary openings 
close, and the water equilibrium is reestablished provided an abundance 
of fluids is supplied during this period. 


DK.ATHS I'ROU SECONDARY TOXIC SHOCK 
For the past twelve or fourteen years medical opinion has leaned 
toward the theory of secondary toxic shock, and this tendency has been 
strengthened Iw recent experimental work and pathologic studies, 
kotten,=“ in 1919, in ten fatal cases of burns found widespread pathologic 
changes rather uniforml}" distributed. The suprarenals were 
and deeply red, with considerable edema of the perisuprarenal iat. 
Microscopically, the lesions were comparable to the central . 

chloroform poisoning. The most marked changes were foun 
patients who had lived the longest. In the lymphatic tissues tie es 
progressed for about three days, and then apparently regress 
conclusion was that "these pathological conditions can be . 

by the presence of a poison, circulating in the blood stream, J 
more or less specific actioo on certain cells of the bo''?; 
after postmortem studies, concluded that m damage is 

extensive changes are in the suprarenals; the patient's age. 

roughly proportional to the extent of the burn and t P t 
being most pronounced in the young. The supmreuris m^h. 
showed the same changes as occur m anaphyla P 

iutosication, and he ascribes them to toxins „,«r. 

sition of protein material m the burned tissue. P .|;j 

rations in fatal cases arc similar to those in deaths from 
poison circulating in the blood stream, as in ip burned* 

Vogt,"- after establishing parabiosis between v ol^servation 

one of them, and both 

was confirmed by Vaccarezza.- Vogt furth 

Editions of parabiosis (1) tbe auM d»| 

severe a toxemia as when it Llcnarated from the li»r”''' 

not develop any toxic symptoms "'^en it jet 

one within the first twelve hours, and ( ) ^ p jn },„rnc.i 

united, they both died of toxemia. Robertso 
— ^T^skotten, H. G.: Histopathology of Superfic.a - 

J.':' Expe-ental Research on Death fro. Burn. K-. He 

41:8i‘, 1924; par” les ‘ 

22. Vaccarezza, R. A., bur la caus 

Soc. de biol. 86:1114, 1922. 
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rabbits with hot metal plates, and toxic symptoms developed after from 
twenty-four to thirty-six hours. Burns of the skin, fat or muscle pro- 
duced toxemia. Removal of the burned tissue by excision less than 
eight hours after the burn saved the animals from all toxemia. The 
burned area, removed several hours after the infliction of the burn, 
was grafted onto healthy animals, and toxemia developed in all such 
recipients within an hour. Extracts from pieces of burned skin from 
1 to 2 cm. square rvould produce death or severe symptoms when 
injected into a 200 to 300 Gm. guinea-pig. Extracts made from normal 
skin or from the skin of animals burned after death produced no ill 
effects. Injection of the blood serum from a burned animal resulted 
only in anaphylactic reaction. Injection of whole blood from the burned 
animal caused marked toxemia in ever}'^ instance, even though small 
amounts were used. Davidson reported the cases of two patients in 
whom the decomposed protein material was precipitated by tannic acid 
and later covered with hot boric compresses. These patients promptly 
showed symptoms of severe toxemia, and one died. He expressed 
the belief that “when the colloids holding toxic substances were rehy- 
drated, the toxic substances were again made available for absorption.” 

Opposing the theory of toxemia, recent experimental work by 
Underhill and his associates tends to show that despite increased 
permeability of tbe capillaries at the site of injur}-, substances pass 
more readily from the capillaries to the wounded area than in the reverse 
direction ; after a short latent period, absorption from the burned area 
is slower than nonnal, and after eight hours the capillaries seem to 
have regained their normal penneability for colloid material. These 
workers believe that whatever symptoms develop during the secondan,’^ 
period are the result of infection rather than phenomena of the absorp- 
tion of a specific burn toxin. 

These findings, while of interest regarding absorption from the 
burned area, afford no substantial proof against the theory of toxin for- 
mation. W e believe that the theory of toxin formation provides a 
firmer fov^ndation than any other on which to rest the weight of our 
clinical impressions. 

I he patients who die in the first four to eight da 3 -s after the burn 
])iobably primarily receive an overwhelming amount of the toxin, 
against which an ineffectual battle is waged. In the patients who seem 
to hold their own until shortly before death and then die rather abruptly 
after ten days or so, the initial amount of toxin absorbed probably acts 
as an antigen and sensitizes the patient; further absorption results in 

'ieath (Tuder=^). Without doubt infection 

T. J.; Tlie Modem Treatment of Burns, Internat. J. Surg. 28:282, 
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plays a considerable but little understood part in all patients who die 
from secondary toxic shock. Infection is invariably present, but its 
rule is suiJiilementar}' to the toxemia, and is not the caiisus viorli perse. 


XATURE OF TOXJX 

.Strauss recently collected sixteen different to.xins described b\ 
various investigators. The nature or exact composition of the biiin 
toxin is unknown, but it probably results from the breaking down of 
protein. Robertson and Boyd described it as consisting of two parts, 
one therniostabile, diffusible and neurotoxic, and the other iheimolabi ej 
colloidal and nccrotoxic, and stated that chemically it consists of pri- 
mary and secondary proteoses. 

PROGXOSIS OF BURNS 

Patients at the extremes of life do not withstand burns as w j as 
those in the more vigorous decades. One hundred anc 
our two hundred and five cases occurred m Patients between 1 
20 and 50 years, with a mortality of 10 per cent Six } 
years, with a mortality of 31 per cent, and ^-e-’ty-tlu-ee n e e 
years, with a mortality of 36 per cent A fata or burn.s 

burns of first degree involving two thirds of the 
of second degree affecting one third of the y \ of the 

seventh in children. All burns covering one^ third of the 
body are extremerely serious (Christopher )• 

ESTIMATION OF AREA INVOLVED 

Berkow ’• has prepared the (“''“"’'’S 'of the 

for reasonably accurate elin.cal estunat.on of the pe.ee. a 

surface of the skin involved. 


Entire Body 


.\dult 


Lower extremities and Buttocks - ^ 


IvOUei 

Upper extremities 
Trunk and neck 
Head. 

Upper extremity: Hand 
‘ Arm 

Lower extremity: Foot 
Leg 
Thigh 

Trunk: Anterior surface 
Posterior siirfaec 


1S% 

3S% 

0% 


Children under 12 Veiirs of tUe 
] 2 -chlld’s iige, pins :k> - 

= EUo 

].)_cliild’s age, plus 0 - f 


= 2.5% 
= 7.5% 
-= 3.0% 
: C.0% 
: y..5% 

. 20 . 0 % 
. 18.0% 


TT^SS, A.: Bar., and Thdr 
,5. Cl,ri..oph.r. F. : .la 

L"lnrUh?'Ba.cd^™"trtaco Area Propard™- 
n.) 1924. 


JO.U’. 
, I'E’.-'. 

S:F'’ 
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TREATMENT 

The aims of any treatment are twofold : to save life and to preserr^e 
or restore function. 

A cardinal principle in the treatment of all wounds, including burns, 
is the prevention of infection. Burn wounds are peculiar in that they 
are primarily sterile. In the fifth Book of Moses is found the fol- 
lowing ; “Everr'thing that may abide the fire, ye shall make it go 
through the fire, and it shall be clean.” These wounds likewise have 
been through the fire, and they are clean. No method, therefore, 
which introduces infection into a sterile field can be used except in 
flagrant disregard for every concept of medical science. 

In our series of two hundred and five burns, two of every three deaths 
took place in the first twenty-four hours. Hence, the primary effort 
should be directed to saving the life of the patient, preservation of func- 
tion being a secondary consideration. Early deaths, aside from the 
utterly hopeless cases, are probably due to mechanical causes incident to 
the great loss of blood plasma, dehydration of the tissues and the rapid 
concentration of the blood followed by the profound terminal shock. The 
use of tannic acid in precipitating the broken-down material and in seal- 
ing off the capillary bed at the outset is the best method of preventing 
loss of body fluids and heat. The onty alternative method based oii 
the sj^me physiologic principles is the use of procaine hydrochloride- 
epinephrine packs introduced by Ravdin and Ferguson,-' who applied 
0.5 per cent procaine hydrochloride with 10 minims fO.6 cc.) of 
epinephrine to the ounce of solution to cause vasoconstriction and 
to seal off the capillar\- bed. At present Ravdin favors tannic acid 
unless infection is feared, when he uses the procaine hydrochloride- 
epinephrine packs. Originally, a 2.5 per cent solution of tannic acid 
was used by Davidson, as he was afraid that a stronger concentration 
might result in too deep a caustic action. We use 10 per cent tannic 
acid in the effort to penetrate to the bottom of the burn and to secure 
at once a sterile scab, a sealed wound and a dr}^ noninfected and 
nonin fective field. We have no fear that the stronger solution will 
damage living tissv\es. W e spray 10 per cent tannic acid directly on 
the face without injury to the conjunctivae. The original idea was 
to coagulate only the top layers, but we endeavor to coagulate the 
entire thickness of the devitalized tissue, particularly that portion adja- 
cent to the living tissues. The stronger concentrations have a greater 

-7. Ravdin. I. S., and Fergitson, L. K. ; The EUirlv Treatment of Burns Ann 

SvirR. Sl-.d.tO, 1925. 

3s. Ravdin. I. S.; Personal communication to the author. 
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power of pciiel ration tliaii tlie more dilute ones (Schuetz"”). Deep 
penetration seals the ca])illary bed and by conservation of body fluids 
prevents concentration of the blood. Tannic acid precipitates the toxiii- 
formin,!; materials in sitn, and holds them inert; bacteria are caught 
in the precipitated material and rendered harmless. A thick scab is 
produced which protects the nnderlving nerve endings and othei tissues, 
and splints the entire injured area. 

Conijilete excision of the dead and d}ing tissue nndei geiieia 
anesthesia enjoyed considerable popularity at one time, but is now 
reserved for thiVd degree burns, and the excision is followed by chem- 
ical sterilization of the raw area. As a jn-imary procedure debncle- 
ment is rarely used. Bancroft,"” formerly an advocate of debneen 
now jn-efers tannic acid. Shortly after a burn it is iinpossi e 
dilTcrentiate the areas of second and third degree burns, and neec 
sacrifice of healthy tissue is inevitable with any primary ' 

1'he sodium bicarbonate bath treatment is based on the assu p 
that the proteases, which break clown the protein , 

toxins, can act only in a faintly aad mechmn, and 
inhibited bv a shift to the alkaline 

emploved this treatment, but it is commended for I 

The preceding four methods of treatment al d a di c b ^ 

burned tissue. Following its introduction m 1914 Ba 
fort,^ paraffin wax has been widely used ,, J9I8: 

Sherman,^' who has had wide experience ingredients, 

“The wax method does not contain aity sp conditions 

but acts entirely mechanically allowing ISatuie ^ „on-adhesive shell 
favorable for repair. The wax cotton and forms 

which excludes the air, maintaining a consta , ^ 

rUective dressing to the P-Hfe-^g -sues^^^^^^^ 
logic conditions, allowing -generahon and ^ neighborhood 

lines.” In a recent ^ ^-1 that the paraffin wa.v 

,of sixty thousand burns have been bus Company a 

— • ■ r 

lie .„o bes. .rea.„,e„.. are paraffin wa. and .ann,cacK, 

Ueaer oerdlC. „„„ 

Wirkans. Arch. f. «pcr. Path »• Caaemn 

30 Bancroft, F. W., and Rogers, C. S.. 

1:S: sywr- .. a- ■' 

C0„,n,.nic„l«» « d,e ....l.an 
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ROUTINE PROCEDURE IN TREATMENT OF BURNS 

To treat patients with the promptness 'that the urgency demands, 
one must be prepared to deal with them on a moment’s notice, ^^'e 
keep ready at all times steel frames fitted with electric lights and easily 
adjustable to any bed; sterile sheets, and a sterile gun of the type 
used for spraying insects. On all floors and wards tannic acid is kept 
in weighed amounts, with printed directions for preparing a 10 per cent 
solution. Morphine is given all patients with burns in the emergency 
room ; the clothes are removed ; the skin around the burned area is 
cleansed with ether, and if any grease has been applied as first aid 
to the burn this is gently washed off with ether; the loose skin is 
trimmed off, and the area is covered with sterile sheets liefore the 
patient is sent to the ward, where everything is in readiness for his 
reception, as a result of earlier notification. He is placed in bed on the 
sterile sheets ; the cradle and lights are put in place, and the tannic 
acid spray is started. A hypodermoclysis of 1,000 cc. of saline solution 
is given promptly and is repeated ever}" eight hours. A student nurse 
is assigned to special duty with each patient with burns on the ward 
during the first twenty-four or forty-eight hours, and she sprays the 
burned area every fifteen minutes for the first twelve hours, then once 
an hour for twelve hours, after which no spraying is done. The tem- 
perature under the cradle is kept at from 98 to 100 F. The cradles 
are sufficiently roomy to permit the patient to turn without knocking 
the injured area against the frame. The patient is given at least a full 
glass of water (about 300 cc.) every hour, making a total average 
intake of around 6,000 cc. in twenty-four hours. We believe that such 
thorough and energetic treatment in the early stage is fully justified. 
The use of a special nurse at first facilitates tanning to a greater depth 
with a coincident reduction of subsequent infection and sloughing, and 
saves nursing care in the later stages. 

Daily estimations of the hemoglobin are made in every case. In 
moderate burns the readings may never be above normal, but in severe 
cases the hemoglobin may rise considerably. The rise of hemoglobin 
is the most accurate ready clinical method of estimating the concen- 
tration of the Idood. Hemoglobin of 125 per cent indicates a pre- 
cariously high concentration of blood, and hemoglobin of 140 per cent 
and over indicates a blood so concentrated that fatal collapse is immi- 
nent. 1 his is a simple test, easily made and of great practical value, 

and It shows whether the patient is getting the fluids so e.ssential at 
tins time. 

In extensive burns there are two stages wherein transfusion of 
blood IS beneficial. In iirimary shock the transfusion is given usually 
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fioiii^ ten (O twcMUy lionrs after the hum and replaces the lost plasma 
Wiitci K) Cci])«icit\ of the l)lood at a lime when the circulatory 
.s\.steiii IS once more a closed system. In secondary toxic shock trans- 
tision sliould he ,tji\en after the first two or three days if the toxemia 
IS incieasini^, as it does in one type. In those cases, wherein death is 
con.sidcicd dne to further absorption of the toxin following initial 
sensitization, tians fusion should he done at the first untoward sign; 
the exsanguination-transfusion of Robertson and Boyd is probably 
the ideal procedure. 1 hey cniploy'ed their method in children and saved 
scvcial after the dcvelojiincnt of convulsions. 


As a rule, we g'ivc a prophydactic dose of antitetanic serum. In 
the absence of infection, the patient is kept under the cradle and lights 
until all the membrane has j)eeied off and the delicate epithelium has 
become a little resistant. The presence of infection is evidenced after 
four or five days hy one or more collections of fluid under the tanned 
membrane. Incisions are made to evacuate the fluid, and detached 
membrane is excised. The open areas are covered with paraffin gauze 
over which dressings moist with physiologic solution of sodium chloride 
or boric acid are laid. These dressings are not wet, but merely moist, 
and are applied at room temperature and not as hot compresses. So 
as far as we could see, such dressings do not seem to cause any libera- 
tion of toxin through rehydration. No wet dressings of any kind should 
be applied until after the fourth day at the earliest. At each daily dres- 
sing more of the detached membrane is cut away. Firmly adherent 
membrane should not be disturbed. In third degree burns Lee recom- 
mended cross-cut incisions through the membrane, dividing it into 2 
inch (5 cm.) squares to permit drainage around the edges. Second 
degree, but not third degree, burns will epithelialize under the membrane. 

With complete separation of the tanned membrane all burns of third 
degree present a granulating surface. Treatment is aimed ton an 
destroying bacteria and stimulating granulations. For this purpo.se uc 
apply over the granulating surface first several laj'crs of paraffin 
then pads of surgical gauze wet with boric acid solution, and ma 
either rubber or sea sponges (fig. 2). These sponges arc held in ji ac ' 
by a pressure gauze bandage, and the whole dressing is kept net cm 
stantly with the boi'ic solution. This dressing jwoniptly conur 
exuberant, pale, boggy granulations into firm, bright pink ones. 


34. Robertson, B., and Bovd, G.: To.xemia of Severe Siiperfici.nI Uir 
Children, Am. J. Dis. Child. 25:163 (Feb.) 1923. 

35. Lee, W. E. : The Surgical Treatment of Burns, S. Clin. Snrth ■ »" 
8:901 (Aug.) 1928. 



1 'S- •>. Second degree burns of left amt, entire chest, abdomen and anterior 
surface of both thighs from groins to knees. Third degree burns of left elbow, outer 
ball of both breasts, right axilla, both groins and anterior surface of both thighs 
abinit b.alfway to knees. Tannic acid, 10 per cent spray. Reverdin pinch grafts 
'ecu on boih thighs. Recovery. (Courtesy of Dr. .\. O. Singleton.) 





Rcstitls of Treat incut 


'i'nfiil niilllbPr at nisri 

Totnl iititniicr of 

ItciitliK from i»rlmiir.v rlim-k ^7 r 

ni'iitlis from scconiliiry to.vic •.■hocic 13 e'r, 9 , 

Totiil rrrorrrirs, alt (rcnfmciifs 

Toliil number of dnyp In liop)iltiil, nil 

Avcriifio tiosiiltalizntloij, nil riTOvenvl ciiros 

Totnl (iny.« of loxomln, nil roeoverfo.s iinder all trcut 7 nent£ 

• vvorimo (iurntioii of toxi'j/jin, nil rccoyerfe.? 

(I’uftent eonsldercil toxic ns long ns tcinpcrnturc persists above 100 F.) 


Xumber Per Cent 
20.-1 100 

JO 19.4 


lOM SO.o 

20.3 days 
513 

3,1 (lays 


Kumber Per Cent 


JtiK'c: IVliite! jjg 71 

Colored 59 29 

Sex; Wlilli' mnl/'.s 327 02 

White femnle.s 39 9 

Colored mules 33 lO 

Colored females 20 13 


Arc, Yenrs 

Under 1 

1 to .) 

5 to 10 

10 to 20 

20 to 30 

30 to 40 

40 to 50 

SO to CO 

CO to 70 

70 to SO 

Age not given 

Total. , 



Mortality 


No. of Cases 

Primary Shock 

Secondary Shod; 

0 

0 

0 

19 

6 

1 

17 

0 

0 

21 

2 

1 

C4 

4 

0 

40 

4 

4 

17 

0 

0 

12 

2 

0 

G 

1 

1 

1 

0 

1 

5 

1 

2 

20 .) 

27 

13 


Patients treated ■nitli tannic acid. 

.Hccoverles 

Deaths 

Primary sliock 

I Secondary toxic shock 

Tannic acid recoveries 

Total recoveries, other treatments 


Total recoveries, ail treatments. 


Kumber of second and third degree burns, tannic acid 

Total number of days in hospital 

Average hospitalization, recoveries, tannic acid treatment — 

Patients remaining over 100 daj's, tannic acid treatment 

Total days, these cases 

914 — 422 

Average hospitalization for ordinarily severe ca.se: — ~ = 


Number of second and third degree burns, otlior treatment.s 

Total number days in hospital 

Average hospitalization 

Number of patients remaining over 100 days 

Total days, these eases .;Vn-"". 7 ln' 


Average hospitalization for ordinarily severe case; 

87 


Average duration of toxemia, tannic acid recoveries 

Average duration of toxemia, other treatment recovcrlra 


30 

24 

0 

S 

S 

24 

141 


la 


20 

-'14 

4.1.7 

122 


2S.S days 


2.107 

iliiy.^ 

.1 

2 10 

21 ..-; 

('Iilal' 

3.1 dw* 


yvernge hospitalization before dentli: Tannic add treatment 

Other trcatiiient.s ■' 

duration of toxemia preceding dentli; Tannic acid Ireatm'ii 

Other treatniciit^ 


Average 


3 ; r il'Jt 
(•„ 0 .!.O» 
3 )r<l'C..' 
30 dii< 



Results of Treatment — Continued 


Etiology of Burns 

Tannic Other 

Acid Jlortality Treatments Mortality 


Fire 4 0 11 S 

Clothes on fire 2 0 S 7 

Scalds 9 2 39 5 

Chemicals 2 1 13 0 

Gasoline 9 2 37 7 

Gas stoves 4 0 5 1 

Alcohol 0 0 2 0 

Oil 0 0 3 1 

Electrical cases 0 0 4 0 

CnknoTvn 1 1 33 5 

Totals 30 C 175 34 


Mortality; Per Cent 

Tannic acid 20 

Primary shock 105^ 

Secondary toxic shock 10% 

Other treatments 19.4 

Primary shock K.7% 

Secondary toxic shock 5.7% 


Granulation tissue continues to tonn fibrous tissue at its base until 
covered ivith epithelium. Delayed epithelialization means excessive 
fibrosis, tvhicli ( 1 ) cuts off the blood supply and retards healing toward 
the center of the granulating area, (2) results in contracture deformi- 
ties and loss of function, and (3) years later favors the development of 
cancer. Fibrosis can be kept at a minimum and healing greatly expe- 
dited by skin grafting. For all larger areas that do not contain epithelial 
rests from hair follicles and sweat glands, we prefer Reverdin pinch 
grafts (figs. 2 and 3), which will take in the presence of moderate 
infection. Exceptionally, we employ flap or pedicle grafts. Grafting 
should he done as soon as healthy granulations form, to prevent fibrosis. 


COMMENTS AND CONCLUSIONS 

The number of patients treated with tannic acid is too small to 
compare satisfactorily with those dealt with by other forms of treat- 
ment, but a few things are shown in the accompanying tables. Of the 
thirty patients treated with tannic acid, three had a hospitalization period 
of over one hundred days each, while only two of the remaining hundred 
and seventy-five had so extended a sojourn. This indicates that the 
tannic acid saves more extensively burned patients than any other treat- 
ment. winch IS borne out by the mortality from primary shock, which 
under other forms of treatment is almost half again as great. 

1- lanmc acid in a 10 per cent solution, used as a sprav. is the best 
tieatnient lor burns. 

all fh intention of coagulating 

« avers of devitalized tissue and sealing off the capillan- bed at 

the earliest possible moment. ■ 
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v3. ]”,vcry imticnl with burns should have a special nurse during the 
first forty-eif,dit hours. 

4. Daily esliniations of the heinoglohin should be made as a routine 
measure until the heinoglohin reaches and maintains a normal level. 

5. 'fransfusion of blood is often a life-saving measure. 

6. Skin grafting is indicated at the earliest possible moment, espe- 
cially over the fle.xor surfaces of the joints. 

7. Ani]nitation is a last resort, hut let us recall the lines written 
many \-ears ago : 

’Tis the Chyrurgions praise, and height of art, 

Xot to cut off, but to cure the vicious part. 

Dr. John B. Carnett assisted in the preparation of this manuscript. 



IODIZED OIL IN BRONCHIECTASIS 

INCLUDING A STUDY OF TWO CASES FOLLOWING LOBECTOMY 

JOSEPH A. WEINBERG, il.D. 

OMAHA 

The use of iodized oil in lironchography and in the treatment of 
bronchiectasis has become widespread during the past few years. 
While it is generally considered that this procedure is not attended 
serious consequences, there are possible dangers which have been 
described by several authors, among them Archibald and Brown ^ and 
Hedblom.- There has also been confusion on the question of how long 
the oil remains in the lung and how the lung disposes of it. 

Recently I performed the operation of lobectomy on two patients 
with bronchiectasis (figs. 1 and 2) who had been treated with injec- 
tions of iodized poppy seed oil 40 per cent for some time previous to 
operation. The lungs of both of these patients have been carefully 
examined for the presence and distribution of the oil. These data 
together with experimental work on animals are presented for the pur- 
pose of clarifying some of the points in controversy. 


INJECTION OF IODIZED OIL INTO HUMAN BRONCHIECTATIC LUNGS; 

EXAMINATION FOLLOWING LOBECTOMY 

Case 1. — In C. L., aged 25, symptoms began at the age of 17, following tonsil- 
lectomy. The sputum had been foul and profuse since the onset. The first treat- 
ment consisted of irrigations through a bronchoscope in 1925. Pneumothorax 
was induced in 1925, which relieved him for several months. He had been to 
New Mc.xico and Colorado for relief but with no success. Exeresis of the 
phrenic nerve, performed in 1929, gave him more relief than an 5 ' previous therapy. 
However, the sputum had been offensive and profuse since the onset. When I 
first saw him he appeared undernourished, the skin had a cyanotic appearance 
and the face, neck and back showed severe acne. The fingers and toes were 
clubbed. 

Injections of iodized oil were given on February 15 and 22, March 15 and 
April 5 and 29. During these injections the sputum became appreciably thicker 
■and less in amount. However, the foul odor persisted and the patient con- 
tinued to show evidence of sepsis. 


l-roiu the Departments of Surgery and Pathology, Universitv of Nebraska 
Medical College. 

1. -Archibald, L., and Brown, .A. 1..: Dangers of Introducing Iodized Oil into 
Ibe Bronchial System, J. .A. M. A. 88:1310 (-April 23) 1927. 

... ^5 C., m Lewis, Dean: Practice of Surgerv, Hagerstown, Md. 

W . b. Prior Company, Inc.. 1930. vol. 5. chap. 3. p. 32. 
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Ilrdiicliof'i'apiiy following the injection of iodized oil revealed an extensive 
saccular hroiicliiectasis involving the entire left lower lobe. The bronchiectasis 
was appareiitlj' confined to this lobe. 

In May, YJ32, a left lower lobectomy was performed in several stages by 
actual cautery and ligation of the pedicle. The patient has been in excellent 
condition since the operation. There is no more foul sputum, the acne has dis- 
appeared and the skin is no longer cyanotic. A persisting bronchial fistula is 
gradually clo.sing. 




^'4 







Fig. 1 (case 1).-Laleral view showing bronchiectatic sacs 


containing iodized o'h 


^ of 

A Mod, of .».«o was rcn.ovc<l from 
,he opcr.-„io«, immoclaldy brforo l.gol.on "» 

days after lUe Mat mice. on. , m""" 

Sections of ota.cri.I from t m regton “' V, , omens' mere icred.br. 
with scharlach R and iwmatoxyhn The b to an ■ 

inflammatory reaction throughout. There 
be recognized as sucli. 
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Several areas in each section revealed large accumulations of iodized oil 
within the bronchi and bronchioles (fig. 3). The bronchial mucosa was thickened 
and its cells contained oil droplets in a finely divided state. Droplets were also 
seen within the cartilage cells of the bronchial walls. In the parenchyma, the 
oil droplets were seen particularly within the large mononuclear cells of tlie 
alveolar walls. Apparently all of the various cells of the lung participated in 
the taking up of the oil. 

C.\SE 2.— In H. L., aged 24, symptoms of cough and e.vpectoration of purulent 
material developed at tlie age of 9. At the age of 14, following pneumonia, the 



big. 2 (case 2). — Bronchiectasis of the left lower lobe with sac containing 
iodized oil. 


e.xpcctoration became more profuse and foul. Since then the svmptoms have 
l)ccome progressively more severe. In 1929, a complete left thoVacoplasty was 
pcriormed without relief. M'hen first seen by me, in 1931. the patient showed a 
marked saccular bronchiectasis, apparently limited to the left lower lobe. Follow- 
ing cxcrcsis <if the phrenic nerve and injections of iodized oil the sputum was 
realucod from 1. 500 cc. daily to 250 cc. daily. However, the sputum was very 
ofiaiMve. except during the first ten to fourteen days following each injection 
"1 iodized oil. 

In June. 19.12, a left lower lobectomy was performed by ligation of the pedicle 
and cautenz.-ition. Since then the patient has been free from svmptoms of 
broncluectasis. ’ 
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A spccinicn of tissue \v;is removed from the lower lobe just before ligation 
of tile pedicle on June 13, eighO’-thrcc tla.vs after the last injection of iodized 
oil. 

Micrnscoiiic study wa.s made of sections stained with scharlach R and hema- 
to.N'yliii. 'I'lie lung showed as the outstanding feature diffuse overgrowth of con- 
nective tissue, largely in the fibroblastic stage, with thickening and, in part, 

obliteration of the alveolar walls. There was a diffuse and, in some regions, 

dense accompanying infiltration of leukocytes. These were so dense in some 
regions as to suggest abscess formation. The bronchi were compressed and 

irregular, and showed fibrosis of their walls, with partial loss of mucosa and 

more peripheral structures of the wall. 



Fig. 3 (case I).-Section of lung re'mopd at j;-7^Jtirrrir«S 
the intensely black areas. The larger f „„l w ll« 

ST Ss.TTe‘rT:n'rreae.ion a. „« 

recognizable alveoli , X dO, ^ 

A, in the first ease all types of cells in the »»»“ '’"'Three 

1 ''TrT”nlbr:f°c'“'inSToi f 'nT: 

r T T.?irTtTnr: ii:: tS, * 

STdropI S oil Acre seen in Cense fihrot.s tis.t.e tfig. 4). 
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These two specimens clearly demonstrate that the oil is taken up by 
all types of cells and is not limited to the large mononuclear phago- 
cytes or related cells. From this observation it would appear that the 
phenomenon of ingestion of the fat particles is not essentially one of 
phagocytosis, but is rather the natural af¥init\' of cells for fat. 

It will be noted that the oil is present in large amounts eight-three 
days after injection into the bronchial tree. This is significant in 
pointing to the possible value of iodized oil as a therapeutic agent. 
It may be assumed that the oil which is present within the cells slowly 
liberates iodine and that the liberated iodine mav have a beneficial 



'g. 4 (case 2). — Section of lung removed at the time of lobectomy, eighty- 
iree days after the last of several injections of iodized oil. The intense^' black 
areas^represent deposits of oil. The accumulations are fewer and smaller than m 
^se All types of cells contained oil droplets ; X 40. 

eftect ill lessening the degree of infection. It has been argued by 
opponents of iodized oil therapy in bronchiectasis that the substance 
^annot be of great value as it is not retained in the lung for a sufficient 
ongt 1 of time to act in any great measure. The argument is not tenable 
^feainst the observations in these cases. 

obser\ ation which aids in explaining the futility of iodized oil 
severe extensive bronchiectasis is the failure of the oil to 
er main ot^ the sacs. In these specimens the distribution is patchy 
.c\eral injections of 20 cc. each. Even though the iodized oil 
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(li'ci . -T- ‘0 continue the 

u-h;<V, ii • ? liannony with clinical experience, in 

n 'f bronchiectasis responds to this 

icia])} inoic .satisfactoril}' than the severe saccular type. 

. . ^ •‘’tody of two hi onchiectatic human lungs which had been given 
injections of iodized oil leads to tlie following conclusions: 

1. Iodized oil may' he retained in the lung for a period of at least 

eighly-three days following introduction of the oil into the bronchial 
tract. 

2. Most of the cells found in the lung are capable of ingesting 
droplets of iodized oil. 


EXPERIMENTS WITH IODIZED OIL IN ANIM.ALS; SERIES 1 

Inti atracheal injection of iodized oil was jierfonned on a seric.s 
of clei’en guinea-pigs. Each animal was anesthetized with ether, the 
trachea exposed through a midline neck incision and 1 cc. of oil injected 
into the trachea by' means of a 20 gage needle. 

Guinea-pigs were killed on the third, fourth, seventh, eleventh, 
fourteenth and twenty'-eighth day'. In four of the animals deatli 
occurred on the thirty'-nintii, forty'-first, forty'-fourth and fifty-fifth day. 

At autopsy' the lungs were removed by' careful dissection, an attcinjit 
being made not to force out any of the iodized oil. Blocks of lung 
tissue were taken from unifonii areas to include the liilus and jicrijihcry. 
Sudan III Stains were made of frozen sections for oil denion.stration, 
and hematoxylin and eosin stains were made of ]iaraffin section.^ lor 
more detailed study. The lung of a normal guinea-pig not gdven an 
injection of iodized oil was stained with the same technic tor com- 
parison. No oil vv'as obsen'cd in tlie specimen from this lung. 

Certain phases of these experiments have been previously reported 
by' other workers, including Fried and Whitaker,''* Brown, ^ Sato," and 
Kotatsu.® However, it is felt that differences in interpretation and 
additional observations warrant a reconsideration. 

Experiment 1. — A guinea-pig was killed on (lie third day after the iiiitelv|”- 
Gross examination of the lungs revealed a moderate coiige.stioii. .A -'-n' ai' 
stained frozen section showed oil droplets collected in large numlier .Truini' 1 1 

3. Fried, B. M., and Whitaker, L. R. : Infra fr.aciical Injection of fodiral Oil. 

Arch. Int. Med. 40:736 (Mov.) 1927. . , 

4. Brown, A. L. : The Fate of Iodized Oil in tlie Lungs, .Snrg.. Oui- 

Ob.st. 46:597 (May) 1928. • . • r • .'.A ?. 

5. Sato, T. : Histologic Changes in Bronchi After tlie Injection oi .'p 

Mitt. ii. allg. Path. u. path. Anat. 5:18.3 (.April) 1929. , , 

6. Kotafsii, K. ; Chnnpcs in Pulmonary Tissues Following fntr.ur. 
Introfluction of Lipiodol, Bull. Kav. M. .A. Japan 18:4 (May) 192't. 
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larger bronchi. Toward the periphery the oil was present in less amount, but it 
actually extended to the pleura. The droplets were present ior the most part in 
the alveolar walls, and some were in the alveolar spaces. (It is possible that 
oil was present in the larger bronchi before sectioning and became dislodged with 
handling.) 

Hematoxylin and eosin stain showed small areas of nonaerated alveoli. A 
moderate leukocytic infiltration was present in these areas, especially about the 
bronchi and bronchioles. These regions corresponded to the regions showing oil 
droplets in the Sudan III sections. The lung was quite normal except for these 
patches. A few bronchioles showed a small amount of exudate in their lumens. 



I’ig. 5 (scries 1, experiment 2). — Guinea-pig lung with area of atelectasis and 
inflammatory reaction four days after an injection of iodized oil. Note the purulent 
exudate witliin the bronchioles ; X 40- 

Examination of the lungs in this animal revealed oil in the bronchial 
tree, alveolar spaces and alveolar walls. The injection of oil produced 
localized areas of atelectasis, these areas showing a mild inflammatory 
reaction on the third day after the injection. 

l-.xrKKiMEXT 2. — guinea-pig was killed on the fourth day after the injection. 
I he luiip.s showed no gross abnormality. A sudan III stained section taken from 
near the main bronchus showed aggregations of oil droplets in the alveolar walls 
and to a less degree in the lumens of the alveoli. The droplets were grouped in 
cliKtcrs as though distributed about the bronchioles. .A, section from the 
periphery showed less infiltration of oil in the alveolar walls. In these sections 
the oil wa= in a much finer state of division and of much less quantity than in the 
Villfd nii the third day. 
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Hematoxylin and cosiii stain sliowcd a rather marked inflammatory reaction 
tliroiigliont the si)ecimen. The leukocytic infiltration was most marked about the 
hlood vessels. There were ahso numerons areas of atelectasis with leukocytic infil- 
tration. 'J'he bronchi and bronchioles contained an inflammatory exudate. Tlie 
inflanitnation was less markcfl at tbe periphery than toward the hilus. 

'['hese si)ecinic‘n.s revealed tituch less oil than the specimens from 
the animal killed oit the tliird day. Also the inflammatory reaction bad 
reached a greater intensit}’. Thus, with the longer interval between 
the injection of iodixed oil and the death of the animal, a more severe 
inflammation had developed in the areas of atelectasis, possibly as a 



Fig. 6 (series 1, experiment 7).— Lung of a and litlic 

after an injection of iodized oil. There was no cvulence of 
evidence of inflammation (compare with hg. Sf , • 

result of infection (fig. 5), One must also 
of irritation by the slowly released loclmc. cansn . 

reaction. ^ ^ injccti'iu- 

Experiment .3.-A guinea-pig was killed on auK'P'-'' 

It appeared healthy up to the time of death. Gross 

revealed a moderate congestion. , u-ill*; hut " ' 

Sudan III stain siiowcd oil droplets m the a \ • ■ ^ ,(r„[.(it' 

mid smaller than in the animal killed on the fourth da.i. 
seen in the bronchial tree or alveolar spaces. neriidicrv of 

A hcmato.xylin and cosin stained section. rcurn'ou. Ti 

sliowed a rather massive atelectasis with an aciit 
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was one small area of hemorrhage in the section. Most of the bronchioles in this 
area appeared to be collapsed and those remaining patent in and near the area 
showed a purulent exudate within their lumens. 

Experiment 4. — A guinea-pig was killed on the eleventh da}' after the injec- 
tion. It had been in good health up to the time of death. Gross examination 
showed congestion of both lungs. A Sudan III stained section taken from mid- 
wav between the hilus and the periphery of the left lower lobe showed oil present 
in fairly large droplets. No oil was observed in the alveolar spaces or lumens 
of the bronchial tree. This specimen showed more oil than was seen in the guinea- 
pig killed on the seventh day. It was confined for the most part to large areas 
of atelectasis. 

Hematoxylin and eosin stain showed extensive areas of atelectasis, with a 
marked inflammatory reaction, especially in the areas of atelectasis. There was 
little evidence of inflammation in and about the bronchi and bronchioles. 

The significant feature of this specimen was the retention of oil 
droplets in the collapsed areas. Apparently the atelectatic inactive lung 
tissue is less capable of ridding itself of oil droplets than is normal 
lung tissue. 

In the animals killed on the fourth, seventh and eleventh days after 
the injection of oil the lungs showed a pronounced inflammatoiy- reac- 
tion in the areas of atelectasis. This is of significance in suggesting 
the possibility of pneumonitis developing in the human lung following 
the diagnostic or therapeutic use of iodized oil. 

Experiment 5. — N guinea-pig was killed on the fourteenth day after injection. 
It appeared healthy up to the time of death. Gross e.xamination revealed no 
pathologic changes in the lungs. 

Sudan III stain showed a few isolated oil droplets in an area of dense lung 
tissue. The droplets appeared to be in collapsed alveolar walls and not within 
the spaces. There was much less oil in this specimen than had been seen in any 
of the previously described animals, and all the oil droplets were in the areas of 
collapsed lung. 

A hematoxylin and eosin stained section taken from the same area as that 
for the Sudan III stain showed a definite leukocytic infiltration around the blood 
vessels. Congestion was present in the collapsed areas of lung. A section taken 
from an area near the hilus showed a much less pronounced inflammatory reaction. 

Experi.ment 6. — A guinea-pig was killed on the fourteenth day after the 
injection. It appeared healthy up to the time of death. The lungs showed no 
pathologic changes on gross inspection. 

Sudan III stain showed a fairly large distribution of oil. some in the lumens 
hut more in the tissues. It was in a moderately finely divided state throughout 
the specimen. 

A combination of sudan III and hematoxylin stains showed oil in the tissue 
surrounding the alveolar spaces. 

Ilcm.atoxylin and cosin stain showed small areas of nonaerated lung with 
leukocytic infiltration, especially about the blood vessels. The changes were not 
S'* striking as those seen in the previously described animals, and were confined 
to much smaller areas. 
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It IiacI l>cc.n,«ihhy'urioTl,rr ‘"'enty-efglith day after injec- 

iiortnal grossly. *‘'‘‘1’- autopsy the lungs appeared 

•■^lanvcd a mmd!jT[groi,lT^^^^ 1°''= 

luniciis. '■ large drops were seen in the bronchial 

cylic ii.filMfo,', 'clcchill “'I"" ^ f'"- scattered small areas ot take- 

iirat!on"nml mfcrred from experiments 5, 6 and 7 dial the mflaiii- 
(compare (iglVS'd)^' 

tioii'of inr}],n i^ a n fiaiinea-p/g was found dead thirt3’-nine da.vs after the iiijec- 
JqIjpj ■< 01 . ross examination revealed a massive pneumonia involving all 

inner and hematoxylin stain showed only small areas of aerated lung, 

) isjue Slowing consolidation and acute inflammation. There was a 

cjC amount o oi deposited about the bronchi and to a less extent in the avails 
. . alveoli.^ One bronchus showed a large accumulation of oil in 

umen. le bronchi showed a marked leukocyte exudate. In one of the 
sections occasional small oil droplets were seen at the margin of the pleura. 

1 liroughout, the oil w-as intracellular and extracellular. 


It is possible that in this animal an actual massive atelectasis 
occurred at the time of injection, thus accounting for the large amount 
of oil present at this late date. Such massi'i'e atelectasis could in time 
have produced an acute infection, Avhich in turn could hai'e resulted 
in the pneumonitis demonstrated at the time of death. 


ExperIiMent 9. A guinea-pig died on the fort3’-first da,v after the injection 
of iodized oil. 

Twent3^-eight da3’s after the injection the animal bad been unable to use its 
bind extremities, probably because of an i^jur3^ Otherwise it appeared to be 
healthy. On the thirt3'-sixtb da3' it was not as liveh' as previousfv, and on the 
fort3^-first da3'^ it was found dead. Gross examination at autops3’ showed ni.irhed 
congestion of both lungs. 

Sudan III stain shelved slight evidence of oil in the consolidated portion of 
the section. 

Hematox3din and eosin stain sliowxd a patcly' pneumonia in the stage of red 
hepatization. 


The findings in this experiment were rpiitc difi’erent front tho-i 
in experiment S in that the latter showed a complete lack of aeratioti m 
massive areas and the lung appeared atelectatic. The .section rnrah'l 
definite pneumonia. 

ExPERi>tEX'T 10. — A guinea-pig was found dead on tlic forty-toiirth d.i,‘ 
the injection. Autops3' revealed an c.xtcnsivc pneumonia, involving prhicip.dh- (• 
left lower lobe. 




1‘is. 7 (serk's 2. experiment 2). — Section from tlie middle lobe of a rabbit in 
which the lower lohe was ligated and iodized oil injected into the bronchial tree 
'e\en da\s later. The intracellular and extracellular particles of oil are shown in 
red: X a.ODl) 
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Scharlach R and hematoxylin stain showed extensive inflammation with leuko- 
cytic infiltration in the left lower lobe. A section from the right lower lobe 
showed scattered areas of inflammation. !Most of the lung was aerated. The 
right lower lobe showed oil droplets within the alveolar walls. The left lower 
lobe showed the droplets for the most part within cells, but a few of them were 
extracellular. The droplets were few compared with previous experiments. There 
were no areas interpreted as definitely atelectatic. 

This experiment also reveals a reaction quite different from that 
seen in experiment 8. In experiment 8 there was very little aerated 
lung, while in experiments 9 and 10 the lungs were well aerated and 
showed a widespread inflammatory reaction. The difference is explained 
by assuming that a massive atelectasis with subsequent pneumonitis 
occurred in experiment 8 as the result of plugging of a large bronchus 
with oil. In experiments 9 and 10 there is no evidence of such 
occurrence. 

Experiment 11. — A guinea-pig was healthy until the fiftj'-third day after injec- 
tion, when it was observed to be less liveh'. It was found dead on tbe fifty-fifth 
day. Gross examination showed a red-tinged fluid in both pleural cavities. Both 
lungs were markedly congested. 

Sudan III stain showed oil droplets present in the tissues throughout the sec- 
tion. The oil was in a finely divided state. The lung was consolidated in the 
areas showing the greatest amount of oil. 

Hematoxylin and eosin stain showed pneumonia in the stage of red hepatiza- 
tion. 

In experiments 8, 9, 10 and 11 it is probable that the pneumonitis 
was related to the injection of iodized oil. In experiment 8, one must 
consider the possibility of atelectasis due to plugging of the bronchi 
with iodized oil. with subsequent infection imposed on the atelectatic 
areas. In experiments 9, 10 and 11 there was not sufficient atelectasis 
to infer that a massive atelectasis was present at the time of injection. 
If the iodized oil is to be considered a factor in causing the pneumonia 
found at autopsy, one may consider the possibility of multiple small 
areas of atelectasis becoming subsequently infected, and these in turn 
inducing pneumonia. It is interesting to note that all the animals which 
were allowed to live beyond the twent}"-eighth dar- died with pathologic 
changes in the lungs. This was not due to an endemic occurrence of 
pnciiiuonia. as other animals in the same room remained healthy. It is 
possible that the injection of oil is a factor in these deaths. It is not 
lo be inferred from these experiments that there is the same danger 
of pneumonitis in man with the usual injection of from 5 to 20 cc. of 
iodized oil. An injection of 1 cc. in the guinea-pig would probablv be 
f'lnivaleiil to tbe injection of several hundred cubic centimeters in man. 

As a result of the experiments described, several observations have 
'itn ma<le, from which definite conclusions mav be drawn; 

1. The injection of iodized oil causes multiple areas of atelectasis, 
•’■ppareutly owing to plugging of the bronchi and bronchioles. 
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Iliei- (lf» in ■ '^”iain (oi a longer tfine in areas of atelectasis tliaa 
lilt) do in well aerated hni" 

O* 

n,av ''■™’ *= Sl>a“a bP H'e tissues a»d 

laj tmatn ,„ ,|,e alveolar walls or may be carried for some distance, 
as noted m animals sliowing oil droplets in the pleura. 


SERIES 2; EXRERIAIENTS 


WITH LIGATED BRONCHUS AND INJECTION 
OF IODIZED OIL 


senes of CNpeiiments were carried out on eight rabbits in whidi 
t le mam bionchus to tlie right lower lobe was ligated. this means 
t leie lesulted an almost complete necrosis of the ligated lobe, and par- 
tia atelectasis with multiple abscess formation in the upper and middle 
obes on the same side. This stage of the experiment was originally 
pei fonned by Lichthein ‘ in 1879 for the purpose of noting the effects 
of ligation of the bronchus. He found that those animals which lived 
bej'ond the twenty'-four hour period became emaciated and died after 
fiom four to six weeks. At autopsy there were found e.xtensive inflam- 
mation and necrosis of the ligated lobe together with dilatation and 
infection of the bronchial tree. 

The rabbits were operated on under ethyd carbamate (urethane) ane.s- 
thesia; a positiv'e air pressure apparatus was used after the chest wall 
was opened. The bronchus to the left lower lobe was isolated and 
tightly ligated with plain or chromic 0 catgut. The chest wall was then 
closed and air was aspirated from the pleural cavity to restore lo" 
pressure. 

The purpose of these expejdments was to produce an infection m 
the lung simulating bronchiectasis. Following these experiments infm- 
tracheal injections of iodized oil were made in those animals surviving 


bey^ond the sixth clayL 

In addition to the results descriiied by'^ Lichthein there was found a 
condition of more or less extensive abscess formation in lobes other 
than the ligated lobe. It is assumed that these abscesses were the re.'-n 
of “internal drainage.” the phenomenon which has been descriJ^cd i) 
Brunn and Faulkner.® The ligated lobe sho^vcd extensive intro ' 
beymnd the degree seen in typical cases of hronchiectasi.s. I he trmn 
were dilated and were filled with purulent exudate. Coudition.'- s>”'' 
lating bronchiectasis were also seeji in tlie mififilc lobe, and <o a 
degree in the upper lobe on the side oi^erated on. I his was a|)[i.ir‘ 
the result of coIlap.se together with infection through the hmuchi. 


7. I..icbtl]ein : E.xpcn'mcnf.s Dealing u-ilJi Pulmonary .Atelfft.i'i-. .Y 

exper. Path. u. Pharmakol. 10:5-1, lft/9. , 

8. Brunn, H., and Faulkner. W. B., Jr.: Intrahroiichial r)r:u>.'''-'''- ■ ■ 

Gynec. & Obst. 51:115 tjuly) 1 0.10. 
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Experiment 1* — A rabbit ivas operated on on July 14, 1931, under ethrl carba- 
mate anesthesia. Under positive pressure breathing apparatus the right thoracic wall 
was opened, the right lower lobe ligated with chromic 0 catgut and the m all 
closed and sealed with celloidon. Air was withdrawn irom the pleural cavity 
with an aspirating syringe. The rabbit died eighty-two hours after operation. 
Autopsy disclosed a small amount of fluid in the right pleural cavity, with the 
lung adherent to the diaphragm. The ligated lobe was about one fourth the 
normal size. The upper and middle lobes of the right lung showed extensive 
pneumonic involvement. 

Experiment 2. — The same procedure was used as in experiment 1. with the 
exception that the right lower lobe was ligated with a plain 0 catgut. This type 



big. 8 (series 1, experiment 2). — Right upper lobe of a rabbit in which the 
right lower lobe was ligated and iodized oil injected into the bronchial tract seven 
days later. The animal was killed six days after the injection. The intensely black 
areas represent accumulations of oil; X 40. 

ot ligature was used to allow earlier restoration of patency of the bronchus 
through dissolving of the suture, which was expected to occur within a few days 
following operation. 

On July 24. seven days after operation, 2 cc. of iodized oil was injected by- 
exposing the trachea and inserting a needle into its lumen. 

On July 30, a roentgen examination was made. This showed slightly more 

oil in the right lung than in the left. The diaphragm was elevated on the right 
side. 

llie rabbit was killed with ether on Julv 30. thirteen davs after the first 
operation. 

At autopsj the left pleural cavity and lung appeared normal grossly. There 
was no grosv evidence of conge.stioii. The right bemitborax showed a yellow 
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fil)riiio)uirukMit cxii(I;ite iti the pleural cavitv Tt t 

l)v a laree al)sces<; u-idt n i ii f * •*' ^ represented 

Myv was cot7iplctely aiclecd’t- '""S: pareiichynta. The middle 

IK^h acrateci moderately shrunken a,.d 

■Iiul of the iinT^ and lower lobes on the right side, 

am of > e , pper lobe o.t tlw left side. These sections were stained with schar- 

'itifl e f icma oxy in. Also paraffin sections were stained with hematoxviin 
and cosin for more detailed study. 

rbd.t s‘^ction taken from the periphery of the 

uei OK. Slowed a marked purulent pleuritis and complete necrosis of a 



right U])per lobe (comiiare w'itb figure S) ; X dO. 

portion of the lung, with recognizable lung iiUcreening between the f»'> ari i 
The bronchi appeared degenerated and dilated. . ^ ^ ^ ^ 

Scliarlacli R and hematoxylin slain showed extensive ateleet.'i-i' 
sional areas of fairly normal appearing lung. Large oil droidet- 
scattered throughout tlic specimen, c.specially about a large broiicini''- " 
droplets extended info tlic thickened pleura. ^ 

A hematoxylin and cosin stained section from the middle lobe j ; 

ized plcnritis and local areas of atelectasis with leukocytic infiltration. 1 hr 
and bronchioles were dilated. Tlie slide gave the inlpre^sioll of an ale ' > 
with mild infection of the bronchi and hnmchioles. ^ ^ 

Sudan III and hematoxylin stain showed a wide flisiribiitioii of oil of ;, . ^ 

varying size extending into the thickened pleural wall, where they v.ef 
within the endotlielial cells. 
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Hematoxylin and eosin stain of the right upper lobe showed a rather well 
aerated lung with occasional areas of atelectasis. One bronchus in the specimen 
appeared to be markedly dilated and showed partial destruction of the wall with 
peribronchial inflammation. 

scharlach R and hemato.xyin stained section from the right upper lobe 
showed large drops of oil throughout. The oil was present in the lumens of the 
bronchi, bronchioles and alveoli. The section also showed areas of atelectasis 
with an inflammatory exudate (fig. 8). 

Scharlach R and hematoxlin stain of the left upper lobe showed a fairly 
extensive distribution of oil droplets in the lumens of the bronchioles and alveoli. 
The lung showed a mild inflammatory reaction with small areas of atelectasis 
(fig. 9). 

Experiment 3. — .\ rabbit was operated on on July 24, 1931. The same technic 
with plain 0 catgut was used. The bronchus of the lower lobe was ligated. 

The rabbit died six hours after operation. The lower right lobe was atelectatic 
and showed hemorrhage and congestion. The remaining portion of the right lung 
showed the same type of pathologic change but to a less degree. 

Experiment 4. — An operation was performed on Sept. 16, 1931, under ethyl 
carbamate anesthesia. The bronchus of the lower lobe was ligated with plain 0 


catgut. 

Forty days after operation 2 cc. of iodized oil was injected into the trachea under 
ether anesthesia. The oil was introduced by means of an 18 gage needle inserted 
into the exposed trachea. 

Fifty-six days after operation a roentgen e.xamination showed much more 
oil in the right lung than in the left. The right diaphragm was displaced upward. 
The animal appeared to be in poor health. It was killed with ether on this date. 

Gross examination showed collapse of the right lung, with an almost translucent 
fibrinous exudate in the pleural cavity. The left lung appeared to be enlarged. 
The right lower lobe, which had been ligated, was represented by a large abscess 
which was encapsulated and adherent to the diaphragm and parietal wall. A 
section taken from the capsule was recognizable as lung tissue. The middle lobe 
was atelectatic and contained numerous small abscesses. The upper right lobe 
was atelectatic and contained numerous small abscesses. The upper left lobe 
was atelectatic to a less degree and contained a few scattered abscesses. The 
left lung exuded a purulent material from the cut surface. This material 
seemed to come from the bronchi. Sections were taken from the right upper, 
middle and lower lobes and left upper lobe for examination. 

.\ liematoxylin and eosin stained section from the right lower lobe showed a 
wall of fibrinous tissue and a central necrotic area. There was no recognizable 
lung tissue in this section. 


Scharlach R and hematoxylin stain showed oil in a finely divided state in the 
necrotic area. oil was present within the large mononuclear cells in the 

thickened pleura. The presence of oil in the lobe indicated that the ligature 
around tlic bronchus had become loosened previous to the injection of iodized oil. 

A hematoxylin and eosin stained section from the middle lobe disclosed a 
complete lack of aeration. The tissue showed fibrosis and leukocytic infiltration 
ttroughout. The bronchi were dilated and contained a purulent e.xudate. This 
^cctlon simulated advanced lironcbiectasis to a remarkable degree. 

hcliarlach R and hematoxylin stain of the middle lobe revealed oil droplets 

th V'"'i droplets were seen more prominently about 

ronchi and bronchioles. an<l were for the most part intracellular. 
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A l.fn)al.,N.vJin ;ml cosfn statiicd section from the least inflamed part of the 
of atelectlsis'”'' congested king wifli several small areas 

A sclmrlnck R niicl iiemaloxykn stained section from the right upper lobe 
s inu'cd fairly large deposits of oil in alveolar spaces about the bronchi (fig. 10). 
n ot ler areas the oil droplets were few and small. Oil was also present in the 
ironc II and bronchioles. This section, taken from a more condensed area than 
t le Rtnato.xjlin and eosin stained section, showed a greater degree of atelectasis 
and a much greater degree of inflanimator.v reaction. 

A hemnto.xylin and eosin stained section from the right lower lobe showed sev- 
eral niinntc abscesses of the king. The bronchi showed an acute inflammatory 
reaction and were distended with leukocytic exudate. This infection was probably 



Fig. 10 (series 2, experiment 5). — Right upper lobe of a ra 
right lower lobe was ligated and iodized oil injected into the )ronc na 
days later. The animal was killed sixteen day^s after the injection. 
black areas represent deposits of iodized oil. Note the area o a e 
upper part of the field ; X 40. 


the result of “internal drainage” already referred to. Evidence o ‘ 

that one of the larger abscesses had an infected bronchus m i 
abscess, of smaller diameter, had a bronchiole in its center. jodin'd <'il 

Scharlach R and hematoxylin stain showed am! were 

(fio- II) The droplets w-ere rather widely .separated from 


fho' 11). 1 ne araufcia wcic u.„rr 

much smaller than those seen in the upper lobe f after the 

were smaller and fewer than those seen m the rab nt Mia - • ^ ^ 

injection of iodized oil. It is assumed that at the j„ ilie tiirr 

or less equal distribution of oil in the right and le t ’ j-p.m d-'.' !-'ft 

intervening between injection and death the oil har >cen 
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lung. The difference in the taking up of oil on the two sides ma}’ be explained 
by the fact that the active left lung was more capable of ridding itself of iodized 
oil than the fixed, more diseased right lung. 

Experiment 5.- — An operation was done on Sept. 16, 1931, under ethyl carbamate 
anesthesia. The usual technic was employed. During the anesthesia the stom- 
ach was distended with fluid. Air was not withdrawn from the right side of 
the chest following operation. The animal died twenty-four hours after operation. 
Death was probably due to distention of the stomach with fluid during the anes- 
thetic and failure to withdraw air from the right pleural cavitj'. Autopsy dis- 
closed collapse of the upper and middle lobes on the right side and partial collapse 
of the left lung. It is of interest that air remained in the ligated lobe to a 



■'S. 11 (series 2, experiment 5). — Left upper lobe of a rabbit subjected to the 
procedure described in figure 10. Note the small amount of oil retained, compared 
^'t I that retained in the adherent, more diseased right upper lobe (fig. 10). 
1 ^..,'.^ roplets are much smaller and fewer than those in the left lung of a rabbit 
■' c SIX days after an injection of iodized oil (fig. 9) ; X 40. 

B degree than in the other lobes. Apparently insufficient time had elapsed 
tor absorption of the retained air. 

performed on a rabbit on Sept. 23, 1931. 
si'ni 1 tised. However, the insufflation was poorly performed and 
of til . V entered the stomach. The left lower lobe was torn in the ligation 
inllanit Death occurred thirty-six hours after operation. An intense 

p' feaction of the right lung was found at autopsy. 

technic \ - \ operation was performed on Sept. 23, 1931. The usual 

cmpojed. The rabbit died seventy-two hours following operation. 



Apparnilly all types of cells in the lung participate in the taking 
up of the oil (lro))lets. 'J'he oil remains in the king tissue for a period 
of at least eighty-three days following injection. 

In bronchiectasis, with the nsnal injection of 20 cc. of iodized oil 
it is probable that many of the sacs in the diseased lobe fail to receive 
oil, according to the findings in the human lungs described here. 

]',.xj)eriments on animals show that injection of iodized oil into the 
bronchial tree restdts in multijde areas of atelectasis. The extent of 
atelectasis depends on the size of the lumen obstructed with oil. This 
condition usuall}' subsides after a ])criod of two weeks. 

Several of the animals died from forty to fifty-two days after 
injection, .Ml of these showed extensive pneumonitis. It is probable 
that the injection of an excessive amount of iodized oil was a factor 
in the dcveloj^ment of the jmeumonitis. This occurrence and the occur- 
rence of atelectasis indicate that very small amounts of iodized oil 
should be used for diagnostic jmrposc in clinical work. 

In c.xperimental animals iodized oil is retained for a much longei 
period in the bronchiectatic lung than in the less diseased lung. This 
suggests an advantage in the use of iodized oil in the treatment o 
bronchiectasis in which itrolongcd contact is desired. 



SPONDYLOLISTHESIS AND PRESPONDYLOLISTHESIS 


SAMUEL KLEINBERG, M.D. 

XEW YORK 

Spondylolisthesis was first described about seventy-five years ago. 
For a long time thereafter very’ few cases were recorded. Gradually’, 
as the sy’inptomatology’ became better known, more instances of this 
lesion were discovered. In the last two decades the subject has been 
studied in many’ quarters, and numerous reports, some of large series 
of cases, have appeared in the literature. At present many articles in 
English and foreign languages detailing the clinical aspects and the 
pathology are available. The exact etiology, however, has been a moot 
fluestion. But increasing experience tends to confirm the opinion of 
recent observers that spondylolisthesis, whether coming on suddenly or 
appearing insidiously, is primarily’ the result of a congenital cleft in the 
laminae of the neural arch. As most of the cases are seen in adults, and 
none have ever been found in very young children (i. e., in the pre- 
adolescent age), pne wonders about the time when slipping of the 
vertebra actually begins. There must be a variable period of months, 
or perhaps years, when the stage is set, so to speak, for the dislocation, 
but in which actual separation has not yet begun. This phase, which 
might properly be called prespondylolisthesis, is now receiving close 
attention and study’. 

^^’hile the majority of oliservers alway's felt that spondylolisthesis 
was due to a congenital lesion, there were some surgeons, I among them, 
who used to believe that at least some of the spondylolistheses were of 
traumatic origin. The latter sentiment was based entirely on the clini- 
cal history of a sudden onset following what was believed to be a 
competent injury. More deliiierate and intensive study’ of the so-called 
traumatic, but otherwise typical, cases of spondy’lolisthesis has revealed, 
however, that there is rarely’ evidence of an injury’ that could be rea- 
sonably assumed to produce a fracture of the laminae. In addition, 
the x-ray pictures do not show any callus, which one would expect to 
see at the site of a fracture. Finally, at autopsies and in dissecting 
rf)oin investigations of uncomplicated cases, neither callus nor bony 
irregularities suggestive of a fracture have ever been seen. This does 
not mean that in terrifically severe accidents to the lower part of the 
back, in winch there are multiple fractures, there may not also be a 
dislocation of a lumbar vertebra. Such cases have been reported 

Pro<cmc<l in .alislmct before the Orthopedic Section of the Xew York Ycademv 
Medicine, .-ypril 15 , 1932 . 
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while trauma ^ ‘ “J'e are lacking. I now believe 

t'-sseiuia! cau.se i„ the etiolo-n- of factor, it is mt the 

gi-’n ajjpcaranccs, believed tint sm.?eons who, because of roent- 

from attenuation ^,,(1 elm f- cases of spondylolisthesis resulted 
nJZ, I »--ed in co„- 

be™ fo r^rrier’r"'™ 

more cITicicnt rnmf ‘ Rcexainination of one such case 

laminae. Moreor-ef ’ ‘"’’"'''''^^eristic defect in 
tow nto that he hid ne : he 

spccinien.s. an}' exatnnle If "■ ^n'^ anatomic 

other observer ever found ^^oo&^tcd laminae, nor has any 

kore. exclnrlp m -it a lesion at autops}'. One can, there- 

ctiologic causes. laminae from the category of 

of dislocation^^nfll t^tle of spondylolisthesis all the types 

iimono- tho f I O’” '’^'■tebrae. one would be compelled to count 
s 2 h. I ^t.olopc causes such destructive diseases as tuberculosis and 
much tertiary stage, when, as in a Charcot spine, 

a clidnr 0^ hoiiy structures occurs, with the possibility of 

mnn'f ^ ° ^ uinbar vertebra. However, these displacements are 

I es y pait of a larger and more important pathologic change. In 
le c laractenstic case of spondylolisthesis, the forward dislocation of 
the vertobral body is the chief and predominant abnormality. 

ft f ^ ^Wft in the neural arch has been the constant anatomic 

elect found in every specimen of spondylolisthesis studied. In the 
^ammation of one thousand five hundred and twent}' cadai’ers, Dr. 

reo 01 Willis of Cleveland found seventy-nine instances of spondylol- 
Jsthesis, and in every one of them there was a deft tJirough the laminae, 
w lie severed the posterior arch from the body of the vertebra, ibc 
c e t nas bridged by fibrous tissue. There was no callus. There were 
often other congenital lesions, such as lack of fusion of the laminae at 
t le spinous process, fusion of the spinous process ■with one lamina anri 
not with the other, and so forth. Improved roentgenography no"’ 
enables one to detect in the lateral view of almost every case the cleft 
between the articular processes, which separates the posterior arch from 
the vertebral body. The break in the osseous ring is always between 
the articular facets, and as a result the superior facets remain atfacbed 
to the body and the inferior facets to the laminae. 

The defect in the pedicles of a spondylolisthetic vertebra is of con 


genital origin and is readily explained on embryologic grounds. 


.A 
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vertebra is believed to be formed from five centers of ossification, one 
body and two for eacli lateral mass. Of tlie latter, tlie anterior 
center forms the pedicle, including the superior articular facet, and the 
posterior center of ossification forms the lamina with the inferior 
articular facet. If these lateral centers of ossification fail to unite, 
there result a defect between the articular facets and a separation of 
the body from the posterior arch. 

From the foregoing considerations it may be concluded that spondy- 
lolisthesis, or forward partial or total displacement of the body of a 
lumbar vertebra, is the result of a congenital cleft or split in the neural 
arch. The congenital osseous defect is the sine qua non. However, 
there are several important contributing etiologic factors that operate 
to initiate or to increase the dislocation. 

ETIOLOGIC FACTORS 

Trauma. — This plays a most important role in one of two ways in 
the production of spond 3 'lolisthesis. A sudden violence, as in jumping, 
a fall, lifting heavy weights, hyperextension of the spine in trying to 
avoid an accident or, as happened to one of my patients, in the fall of 
a heavy weight on the shoulders, ma}- tear the fibrous attachment 
between the neural arch and the vertebral bodj^ and may at once dis- 
place the vertebral bodj- forward. On the other hand, mild traumas 
often repeated, as in laborious work or sports, may stretch the fibrous 
tissue bridging the congenital cleft in the neural arch and maj' gradually 
dislocate the bodv of the vertebra. 

Abiioniial Lordosis. — This may favor spondylolisthesis. Cases of 
hollow back are seen in which the sacrum is nearly horizontal. A 
lateral x-ray picture shows that the lumbosacral plane is almost verti- 
cal, and that the last lumbar vertebra is in a position to slip off the 
sacrum. 1 he weight of the trunk coming down on the bodies of the 
vertebrae tends to push the last lumbar downward. If there is a defect 
in the neural ring of the fourth or fifth lumbar vertebrae, the super- 
incumbent weight would tend to displace its body. 

Couvc.rity of the Superior Surface of the Sacrum. — This condition 
also favors dislocation of the last lumbar vertebra. There are types of 
.siiondylolisthesis in which the upper surface of the sacrum is sharply 
conve.x. the front half of the superior surface sloping downward at 
an acute angle. In these cases the weight of the trunk would tend to 
force the last lumbar vertebra downward. It may be argued that in 
this group of spondylolisthesis the convexity of the superior surface 
of the s.acrum is a sequel and not a cause of the dislocation. This is 
possililv so. but it would appear more logical to assume that, since it 



568 


AKCIinilS OP SURGERY 


is tisii.’il to i'lncl main- con.i'cnilal morphologic changes in the lumbo- 
sacral area, the malformation of the sacrum represents a congenital 
change. 

Obesity and Excessive Coulinuous Strain on the Pelvic Structures.— 
.As in pregnancy, these factors influence the appearance or the aggrava- 
tion of spondylolisthesis. But all of these elements are only contribu- 
tory and secondary to the basic cause, A\-hich is a congenital defect in 
the neural ring of the vertebra. Under normal conditions, that is, 
in the absence of a skeletal defect, the various contributory factors 
miglit he responsible for certain disabilities of the back, but they could 
not produce an actual dislocation of a lumbar vertebra. 

.S]jondylolisthcsis, though dependent on a congenital skeletal defect, 
is actually an acquired deformity, since the dislocation of the veitebiae 
occurs some time after birth. In fact, there is no record of this lesion 
in a patient under 10 )^ears of age. The youngest patient I ever sa'v 
was 13 years old. The secoirdary or contributory factors that initiate 
the dislocation cannot come into play until the person begins to sit 
to stand. In fact, spondylolisthesis is rarely seen m adolescence anc 
usually does not occur until adult life, when the physical stresses bcco 
marked. In infancy and childhood the stresses are_ comparatively ni> >. 
and the tissues of the spine are elastic. A dislocation of 
therefore, unlikely. In the adult, the elasticity of the spine s 
reduced, and the differentiation between the osseous ^ ^ 

elements is clearly defined. An injury not severe structures. 

vertebra may stretch or tear the ligaments and other fi^u 

and thus, in susceptible people, may cause a thesis. 

There is, therefore, m persons who aie subjee 

a period in which there is as yet no dislocation, but 1 

„,ore of the contributory- factors are present f be 

duce the deformity. The condition of the spine m this peno 

called prespondylolisthesis. descriiiccl by P''. 

Prespondylolisthesis was first recognizee . Anicricnn 

Armitage Whitman. In 1924, at the annual conv tion oj the 
Orthopedic Association, Dr. Whitman ^opoitec 

five patients who had two symptoms m .siiowc't 

and a marked lordosis. The lateral ,vas almost 

that the lumbosacral angle was mcicasc < .inatoniic defect: 

In three of the cases 

in the other two there was a shgh ‘ unusual lordosis rcfi 

vertebra. Dr. Whitman “ “^Ve “lil.v aPI-'t 

resents the initial stage of spoil t o ■ „carlv liorironlal- tl'g' 

that in lordosis, especially when the sa ^ Vertebrae aii'l 

appears to he no substantial support for the Uimliar 
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the lumbar spine is in a position favorable for dislocation. One sees 
man}' instances of extreme lordosis in men as well as in women, without 
symptoms of disability of the back or evidence of slipping of any of the 
lumbar vertebrae. The interlocking of the lumbar vertebrae and sacrum, 
both by numerous strong ligaments and by the articular bony processes 
makes dislocation unlikely unless some unusual circumstance is present. 
That unusual circumstance is a congenital cleft in the neural arch. 
Without such a defect in the neural arch, a dislocation of the vertebral 
body could not take place. The term prespondylolisthesis, which is an 
excellent one, should, in my judgment, be reserved for that condition 
of the spine in which, with or without lordosis, there is evidence of 
a defect in the bony wall of the neural arch of one of the lumbar 
vertebrae. Three cases of prespondylolisthesis have come under my 
observation. In one the lesion was discovered while fusion of the 
vertebrae was being performed for an unexplained chronic disabling 
Itackache. In the other two the diagnosis was made clinically by the 
finding of positive roentgen evidence of a defect in the neural arch of 
the last lumbar vertebra, and was confirmed at operation in one case. 
The patients were all males, only one of whom had an increase in the 
lumbosacral angle. In all of them a violence of sufficient force might 
have produced a real dislocation. 

CASES OF PRESPOXDYLOLISTHESIS 

Case 1. — John W., aged 33, was referred to me by Dr. AI. J. Lippmann for a 
disabling backache. Two and a half years previous!}' he fell down a flight of steps 
and struck his back against a post. Since then he had had pain in the lower part 
of his back which had interfered with his work and necessitated the wearing of a 
low hack bell. The examination did not reveal any orthopedic, neurologic or other 
pathologic changes to account for the pain and disability. The patient was a tall, 
well built man. His back was symmetrical, and his posture satisfactor}'. There 
was no break in the anteroposterior physiologic curve of the spine. The motions 
of the spine were free in all directions. On arising from the flexed position, the 
patient complained of pain in the lumbosacral area. There was no tenderness to 
pressure over any part of the back. The x-ray films showed a normal alinement 
of the lumbar vertebrae and the sacrum. Had this been a so-called “compensation” 
case, one might have considered the claimant a malingerer. There could, however, 
be no doubt about the genuineness of the patient’s complaint. A diagnosis of 
chronic sprain of the lumbosacral joint was made, and, since the symptoms had 
persisted for several years, fusion of the vertebrae was advised. 

At operation I was surprised to find that the posterior arch of the fifth lumbar 
vertebra could be moved from a half to three-fourths of an inch (1.27 to 1.87 cm.), 
'oth laterally and vertically. The lesion, therefore, according to Dr. Willis’ classi- 
fication. was "a separate neural arch.” due to a lack of fusion of the laminae to the 
vertebral hcHly. At the she of the abnormal motion there was no roughened bone 
or callus Hence, the lack of union of the posterior arch and the bodv could not 
K' cou.uk.red the result of a fracture. The lesion in the neural arch was evidentlv 

''ucemtal. The injury probably caused a tear or stretching of the fibrous attach- 
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Fig. I (case 2). — Prespondylolisthesis. There is a marked lordosis. The 
sacrum is practically horizontal. There is no displacement of any of the vcrtchr.ic. 
At a is a defect in the laminae ; at b, a superior articular facet continuous with the 
vertebral body articulating with the fourth lumbar vertebra ; at c, an inferior 
articular facet joined to the lamina articulating with the sacrum. 

Case 2. — Oscar L., aged 41, came to my clinic at the Hospital for Joint Diseases 
because of increasing weakness and pain in both lower limbs. He was a carpenter, 
and had been able to do his work regularly. He had noticed, however, in t ic 
few weeks, that he tired easily and was unable to walk more than Iial a ni ^ 
without extreme fatigue. Twenty years ago he had fallen and hurt his bac 
since then it had never been painful. ,^[ 

Examination showed a tall, well built man. who prcfentcd a mar ct _ 

hollow back. There was an e.xaggerated lordo.sis. The gait was a«l,«arr. 
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motions of the spine were somewhat restricted, but there was no tenderness to 
pressure over the lumbar or sacral regions. There were no motor or sensorj- 
disturbances. The knee and ankle reflexes were at times exaggerated. Lateral 
-x-ray pictures (fig. 1) showed several important changes. The sacrum was prac- 
tically horizontal. There was a marked vertical defect in the laminae of the fifth 
lumbar vertebra which separated the body from the posterior arch. The defect 
was at least an eighth of an inch (0.3 cm.) in width ; it may be seen much more 
clearly in the original plate than in the reproduction. The x-ray film showed dis- 
tinctly that the defect was between the superior and inferior articular facets of the 
fifth lumbar vertebra. The superior facets were attached to the body of the ver- 
tebra, while the inferior facets were continuous with the laminae and spinous 
processes. The alinement of the lumbar vertebrae and the sacrum was normal. A 
diagnosis of prespondylolisthesis was made. This was based primarih- on the 
recognition of a defect in the neural arch of the fifth lumbar vertebra. The sec- 
ondary signs were lordosis, a horizontal sacrum and the neurologic disturbances of 
weakness of the lower limbs and increased knee and ankle reflexes. Fusion of the 
vertebrae was advised. 

At operation I found the same type of lesion as in case 1. The posterior arch 
could be moved laterally and in a vertical direction for at least a half an inch. 
Thus, the fifth lumbar vertebra had a separate neural arch. There was no evidence 
of any callus to suggest a previous fracture. 

It may be fair!}- assumed that in this case had a fusion of the ver- 
tebrae not been performed in time, the body of the fifth lumbar vertebra 
would have slipped forward, giving rise to a partial or a total dislocation, 
or spondylolisthesis. 

C.\SE 3. — Henry G., aged 64, came to the Hospital for Joint Diseases complain- 
ing of pain in the back of the right thigh. The pain had started four weeks pre- 
viously. There was no history of disability of the back or previous illness or 
trauma. Examination revealed no abnormality of the back clinically. The lateral 
roentgenogram (fig. 2), however, disclosed a wide laminar defect in the fifth lum- 
bar vertebra. This vertebra was in normal alinement with the fourth lumbar ver- 
tebra and the sacrum. The laminar defect was in the pedicle between the superior 
and inferior articular facets. The body of the fifth lumbar vertebra was wedge- 
shaped, and its inferior surface was concavoconvex. as is so often seen in a real 
dislocation. The sacrum was not horizontal, but its long axis was more oblique 
than normally and. as a consequence of this, there was some increase in the lumbo- 
sacral angle. The superior surface of the sacrum was convex. There was a 
inarked reduction in the size of the intervertebral space or foramen between the 
fifth lumbar vetebra and the sacrum. 

This case, from tbe roentgen evidence, is one of prespondylolisthesis, 
liethci a severe injurt- would have caused a dislocation is a matter 
i'll conjecture. It is unlike case 2. as there were no symptoms refer- 
able to the back. One may speculate on the reason for the comparative 
stalnliiy of the lumbosacral junction. Perhaps the most plausible expla- 
nation IS that the laminar defect is only unilateral instead of bilateral 
a*' in case 2. 

^ C omm. - 111 . —Cases 1. 2 and 3 are of special interest, because the 
maenosK of prespondyloli.sthesis was estaldished in the first case, and 
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in one of tlic other two, it was confinned by operation. As many 
cases of spoiuh']o)isthe,sis arc being seen, it becomes one's obligation to 
examine more carefully all patients who have backache, pains and weak- 
ness in the leg's or a lordosis, and to see whether there is roentgen 
evidence of i)rcspond}dolisthesis. With the present-day improved technic 
in roentgenography, one has the opportunity of seeing clearly the mor- 
jdiology of the lumbosacral area and of recognizing skeletal defects. 
A^’hen the diagnosis of prespondylolisthesis may be reasonably suspected 
or is established by jiositive roentgen evidence, fusion of the vertebrae 





Fig. 2 (case 3 ).-Prespondylohsthes.s. The ^ moderate increase 

Alinement of lumbar vertebrae and sacrum is nor . 1 ,s 

in the lumbosacral angle. The inferior surface o fif* ^lun 
concavoconvex. The superior surface of the sacrum 

should be performed to prevent later actual dislocation of tlit- 

CASES OF SPOKOVLOUSTHESIS 

Peculiarly enough, not all cases p' if “nVd^ 

If the condition of prespondydohstbesis such an irnp^'r- 

one would naturally suppose that likelihood of pre-'’^' 

tant structure as the body of a vertebra. ‘ .nnpFini.- hi 

on the lumbosacral cord, would always produce marked 
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my present series of twelve cases, there were two in which the patients 
had no complaint referable to the lumbosacral region. The dislocation 
was discovered in a routine examination. The absence of symptoms 
can be accounted for on the supposition that the displacement took 
place so slowly that the tissues could accommodate themselves to the 
changed circumstances. In addition, neither patient had had any serious 
accident and never did any hard physical work as a result of which t e 
lumbosacral area might have been subjected to strain. 



I'iy. .1 (cast -<). — .Asymptomatic spondylolisthesis. The bodj' of the fifth 
lumbar vertebra is displaced forward about three fourths of an inch. The sacrum 
is almost horizontal. The laminae of the fifth lumbar vertebrae appear elongated, 
but actually e.xhibit a defect and break in the neural arch ; this is visible in 
the original film. The outlines of the vertebrae were deliberately emphasized by 
pencil, because the original film is rather light and would not have reproduced 
distinctly. 

.\SV.MPTOM.\TIC SPONDYLOLISTHESIS 

Cask 4. — Jacob H., aged 55. was referred to me for increasing deformity of the 
iniildorsal vpinc. The patient had locomotor ataxia, with all of the major symp- 
tom'-. ^nch a^ girdle pains, ataxic gait, pinpoint pupils, ataxia of the upper limbs. 
;i po'iiivc Komberg sign. In the last two years a deformity of the middorsal 
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Ik ii.itient had no complaint wliatever referable to her back. The 



Fig. 4 (case 5). — As^'inptomatic spondylolisthesis. There is subln.xation of the 
fourth lumbar vertebra. The outlines of the vertebrae were purposely cxagRcratcd 
to show the displacement of the fourth lumbar vertebra. The arrow points to a 
defect in the articular process, which was seen distinctly in the original film. 


x-ray' pictures showed a subluxafion of the fourth lumbar vertebra. The latcr.i 
view (fig. 4) showed the body of the fourth lumbar vertebra displaced formio 
on that of the fifth vertebra, a distance of about three sixteenths of an mc( 
(0.46 cm.). There was a distinct defect in the laminae, which separated the neiira 
arch from the body'. 


SPOXDVLOLISTHESIS WITH SfFJECTIVE SV.At I’TO.MS 
The subjectiy'e sy’mptoms of sponclylolisthesi.s vary in de.tjrte .an 
are not at all in accord with the extent of the chslocafion. 
svmptonis may be present when the dislocation is coinparatitch it" 
and. vice versa, a severe dislocation may he accompanied h_\ It'' ^ 
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plaints and slight disability. The following cases are described in the 
order of the relative degree of displacement. 

Case 6. Robert K.d aged 30, was first seen on ^Ma)- 4, 1931. Ten days pre- 

viously he fell through an opening in the floor, falling a distance of 6 feet. Sub- 
sequently he had had severe backache and difficulty in walking. Strapping of his 
back gave him considerable relief. The pain and stiffness of his back continued and 
were present when the patient was examined. The past histor\' w as interesting in 
that the patient had had five attacks of so-called lumbago during the past six years. 
These attacks, which consisted of stiffness of the back and awkwardness in walking, 
would last several days. They usually came on after a “cold" and had no relation 
to injury. Otherwise, the patient has led a very active life, indulging in golf, tennis 
and handball. 



Fig. 5 (case 6). — Forward subluxation of the fifth lumbar vertebra. The 
arrows indicate the site of the laminar defect, which is evident in the original film. 

Examination revealed a good posture and a symmetrical back, but a depression 
in the region of the spinous process of the fifth lumbar vertebra. There was slight 
limitation of lateral flexion of the spine. There was no tenderness to pressure over 
the lumbosacral area. The lateral x-ray picture showed a slight forward slipping 
of the fifth lumbar vertebra (fig. 5). The body of this vertebra was displaced 
about a fourth of an inch (0.64 cm.). There was a distinct defect in the laminae 
at the site of the articulations. 

licther the dislocation occurred during the recent fall or had been 
gr.advtally coming on is difficult to answer. It is fair to assume that 
each “;ittack ot lumbago" represented some degree of slipping, which 
was increased by the fall. The dislocation even now is mild and per- 
hap.s could have been jirevented had the existence of a congenital 
defect in the neural arch been discovered sooner. 

1. My a'.M.ci.Ttc. Dr. .1. r.uchman. allowed me to report this case 
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tonipininin/r of nnin Hospital for Joint Diseases 

1(5 foot Iacll.rSi„ ; i , r' f<='‘ off 

tile lower part of the hack. ^Th/^*'*'"**/** Immediate severe pain in 

tliree weeks Sii/isfvinpi ti ' i marked that he was hospitalized for 

nne! rccei V i nln^ ' T'"""' had to wear a belt 

M. ;' d.™, «s ^ 

un Sinrp * 1 * ' i * • back, and couid not straighten 

1 ).^,. wa. J '' ' had mcreased. The 

I'ccii iiiiahle to work character, radiating to the middle of the back. He had 



Fig. 6 (case 7). — Mild degree of spondylolisthesis. The subjective syniplom> 
were marked and disabling. The original film was so light that the outlines of the 
vertebrae had to be emphasized for photographic reproduction. Kote the ianniMr 
defect and displacement of the fifth lumbar vertebral body (arrow). 

Examination showed a well built, overweight man. His back was synnnetrh-d- 
There was no hollow above the sacrum. The spinal motions were sli.ghtlj 1”'”*^ 
and at the extreme of each motion the patient had considerable pain. There 
marked tenderness to pressure at the lumbosacral junction. The Intern s o ^ 
picture (fig. 6) showed a moderate subluxation of the body of the fill i 
vertebra. There was a wide defect in the pedicle, separating the articn ar 
As the symptoms were of long standing and were disabling, fusion of the 'cr t 
was advised. r,. 

The patient was operated on on April 15, 19.'52, before a rather large an' ^ , 
surgeons who were attending the clinical demonstrations during 1 w < i 
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April IS to 21, in commemoration of the twenty-fifth anniversary of the founding 
of the Hospital for Joint Diseases. After the skin incision was made, the spinous 
process of the fifth lumbar vertebra was identified and found to be abnormally 
movable. The posterior arches of the third, fourth and fifth lumbar and the first 
and second sacral segments were exposed. It was then easily demonstrable that 
the whole of the posterior arch of the fifth lumbar vertebra was abnormally 
movable in both the lateral and the vertical directions, owing manifestly to a bilateral 
break in the continuity of the neural arch. There were no fragments of bone, no 
callus and no bony spurs suggestive of a possible fracture. 

This, then, is a case of spondylolisthesis of the fifth lumbar vertebra 
based on a congenital bilateral laminar cleft. As the symptoms came 
on after an injury, it is reasonable to assume that the trauma caused a 



Fig. 7 (case 8). — A, note the deep groove in the lumbar region directly above 
the sacrum. B, lateral view, showing the forward displacement of the fifth lumbar 
vertebra. 


tear of the fibrous bridge in the lamina. Subsequently, the weight of 
the trunk and the added strain of lifting a heavy case caused a forward 
displacement of the vertebral body. In this case trauma was a most 
important factor. 


C.\sr. 8.— Abraham P., aged 65, came to my clinic at the Hospital for Joint 
Uiseascs complaining of pain in the lower part of his back and in the left hip 
rai lating down the left thigh. The pain had come on ten months previously, after 
a tall m which be hurt his back. Examination showed that the patient walked 
a\\ -warf \ He held his back stiff. There was a marked hollow above the sacrum 
>g. /) characteristic of spondylolisthesis. The lateral x-ray film (fi<r. 7 B) 
> lowed that the body of the fifth lumbar vertebra had slipped forward about a 

wa? no, r” "eural arch 

'Na? not cljcccrinblc. 
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It is manifestly impossible to state how Jong the dislocation liad 
existed. I’erliaps the displacement reall}' took place onl}' at the time 
of the alleged accident ten months previously. This would appear likely 
from the fact that the luxation was slight. Again one has the feeling 
that if the congenital defect and susceptibilit)^ to dislocation had been 
recognized earlier, effective preventive measures could have been applied. 


9. — Margaret D., a colored woman, aged 45, was admitted to my clinic 
recently. She coniplaiiicd of pain in tlie lumbosacral area of the back, which 
radiated down the back of the right thigh and leg. The pain was remittent. 



Fig. 8 (case 9). -A. note the 'lepr^^ion 

strongly suggestive of spondylolisthesis. , no e 
fourth lumbar vertebra. 

When free from pain, she could work a® vJa^rpreviousIy the patient had 

present, laborious work was impossible. . She Ir 

fallen on her buttocks, injunng ^ accident, but three months laK 

no trouble with her spine immediately after progrtj 

she began to have discomfort in the J "^'"ilren and bad no dnn- 

sively worse. Prior to the injury she gare b rth to n 

culty during either the pregnancies or the deluen ,,,i 

Examination showed an obese but "J^.^"°n’tlic middle oi the bmd.ar 

walked without a limp. There was a ji.locatm The nmuon, 

region (fig. 8^) strongly td were painlc.- Tl.e^ J;; 

the spine were abnormalh free i hollow. The lafcwl roentc • 

slight tenderness to pressure m the lumbosacral hollow 
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showed a forward displacement of the fourth lumbar vertebra on the fifth r ertebra, 
to the extent of nearly half an inch (fig. SB). 

This case has several interesting features: The symptoms were 
brought on by a single severe injury. The clinical appearance is strongly 
suggestive of spondvlolisthesis. The dislocation intolted the fourth 
lumbar instead of the fifth lumbar vertebra. The mobility of the spine 
is unusuallv free. The disability is comparatively slight. 



Fig. 9 (case 10). — Forward subluxation of the fifth lumbar vertebra. The 
laminar defect is very distinct (arrow). The front of the sacrum slopes downward, 
favoring dislocation. The body of the fifth lumbar vertebra is wedge-shaped; the 
lower surface is concave. 


C.\sE 10. — Morris S. came to the outpatient department complaining of pain in 
the back of the right hip. which radiated down the back of the thigh to the knee. 
The discomfort had been present for six months. Examination showed a marked 
lordosis with a tilt of the trunk to the right. The lateral roentgenogram showed 
a moderate forward luxation of the fifth lumbar vertebra (fig. 9), with a very 
"larked defect, about one eighth of an inch wide, occurring in the laminae. The 
superior surface of the sacrum was concavoconvex ; the front half sloped downward. 
T he inferior surface of the body of the fifth lumbar vertebra was concave, facilitat- 
"iR its descent from the sacrum. 
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Cask 11. — Sadie K.,- aged 28, came to the outpatient department of the Hospital 
for Joint Diseases complaining of backache. Examination revealed a marked 
lordosis and i)rominence of the upper sacral border. The lateral roentgenogram 
revealed a forward snbluxation of the fifth lumbar vertebra (fig. 10). The bod}' 
of the fifth lumbar vertebra is wedge-shaped and is di.splaced forward for about 
half its thickness. The lumbosacral angle is increased. The long axis of the 
sacrum makes an angle with the horizontal plane of hardly more than 25 degrees. 
The patient was provided with a plaster corset, which, however, did not relieve her 
pain. She refused to submit to the operation of fusion of the vertebrae. 

C.\sE 12.— All)crt P., aged 35, was admitted to the Hospital for Joint Diseases 
for an injury to his neck and head. While at his job as a structural iron worker, 
he was struck on the front of the left side of his neck and chest by the en 




■ M 


I- ' ^ 











Fi. 10 (case n).-Forward dislocate oj the Hth >1 
a d! „( the fifth lumbar vertebra .s wedge-shaped and 

S oneSlfTnch. The sacrum is almost hons.ntal, 
swinging steel girder, and was 

one behind him. There ts no h iLedia.el, a huge c-eP ' '"q; 

S." H^r,sToogtog, and was dyepnem si,, sj; 

“ r, thoroughly oriented and able to »» h' s. d« ' ; 

(vhele except in his throat and neck A tht.^t ^ X, c ,lh > ^ ^ 

ill that the e.xaminat.o^, t«s l.m, , ,„e,.,rc of the - - 

threatened h.s life. X-ra} turns 

^r^ease is included in my series with the perm, scon of ■ 
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seventh cervical vertebrae. The patient passed through a very stormy period; an 
infiltrating abscess developed, which burrowed down into the mediastinum and had 
to be drained by an extensive operation. 

Five weeks after his admission to the hospital, the patient was well enough to 
get out of bed. Then a complete deliberate examination was made. This showed 
that the sacrum was very prominent. There was a marked groo%'e in the mid- 
lumbar region strongly suggestive of spondylolisthesis. The patient was not aware 
of the hollow in his back and did not complain of backache. X-ray films show ed 
the existence of spondjdolisthesis. The lateral view (fig. 11) revealed a clear 
defect in the laminae of the last lumbar vertebra. The body of this vertebra was 
displaced forward at least half an inch. The lumbosacral angle was increased, and 
the long axis of the sacrum was almost horizontal. The intervertebral foramina 



Fig. 11 (case 12). — Spondylolisthesis of the fifth lumbar vertebra. Note the 
marked defect m the lamina of the fifth lumbar vertebra. The body of this vertebra 
is displaced forward about one-half inch. The intervertebral foramina (a) between 
the fourth and fifth lumbar vertebrae and the fifth lumbar vertebra and the sacrum 
arc smaller than those higher up (fi). The sacrum is almost horizontal. The 
arrows point to a defect in the neural arch. 


•n the fourth and fifth lumbar vertebrae were decidedly smaller than those of the 
second and third lumbar vertebrae. The patient was not apprised of the finding 
oi the di.slocation. 


Several months later the patient began to complain of lumbar backache, weak- 
ness and stiftness of the back and inability to lift objects. He had gained con- 
sitlcrablc weight. His symptoms increased, and finally fusion of the vertebrae was 
periormcd \\ ben the laminae and spinous processes were exposed, the posterior 
• cli ,n the fnth lumbar vertebra was found to be very loose and abnormallv 
mnrabU^_ vert. tally and laterally. This was evidently due to a defect in the neural 
■irui. .\o evidence of any callus was seen. 
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'J'his was. llic-n. a case of spondylolisthesis resulting from a “separate 
neural arch.” ,-\s there was no direct blow on the lower part of the 
hack, no .s}auptoms referable to that part of the back at the time of 
the injurv and no sign of ain' callus at the time of operation, a frac- 
ture of the laminae of tlie fifth lumbar vertebra may be excluded. 
Ih'estimahh', at the time of the injury the body was twisted, resulting 
in a stretching or tearing of the fibrous tissue. Subsequently, the 
increasing weight of the trunk caused a forward slipping of the bod) 
of the last lumbar vertebra or spondylolisthesis, giving rise to weakness 
and pain in the lower part of the back. 

Cask 13.— Frances S., aged 35, consulted me in March, 1927, for pain m the 
lower part of her back. Five months previously, while bent o«r, ^ 

shoes, she felt pain in tlie right sacro-iliac area. The pam 
Iicr trunk was deviated to one side. E.xammation showe i ; ^ease in the 
increase in the posterior curve of the dorsal region, a corresponding nerca e 
lumbar hollow, and tenderne.ss to pressure over both sacrc-d.a ;on t. Uc 
picture.s included the whole of the spine, the pe vis ^ films 

Ly Dr. Charles Gottlieb of New York. Both he and ^ f 
were negative. I made the diagnosis of rdief The important 

and treated the patient by conservative '^J^’ , 5olisthesis.' Unfortunately, 

fact is that at this time there was no evidence of spondylolisthesis. 

I did not preserve the original film. rousulted. One week 

In February, 1931, nearly four years ^ 3 i„,e then had 

previously die patient had fallen down a flight of steps, an 

Sk. ,n/s, illness in Ihe bade and f 

anenlar dcformily of the ^ c,e kartedl, resiric.ed, and .!«« 

at the lumbosacral joint. The spinal lumbosacral regions. The 

was tenderness to pressure over t lumbar vertebra and . 

x-ray pictures showed a compression ‘^^^'[^slolisth^^ The latcra 

forward subluxation of the fifth the front of the body of 

sacrum. . (..mlnnc of tlic 

This patio, .f evidentiy tad a :”,e «rc unital Id- 

fifth lumbar vcrtci>r.a: the ' , the violence of Ihe 

fibrous tissue. This fibrous muon mas ^ • a 

fall. The forced flcx.ou f * .“dehra, hut a fo™'”"' 



The especi.ally intcrcstm.? feature of ' j , , verlrl'ta- 

find a couleuita, defect in t " The W. 

hut UP to the recent injury there - jl,^. spoiidv 

:rLte cause of the .'^’tnse a fraCure , .l«- 

:::;re 11 irr ->• i-n-* •*”* 
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by the lack of evidence of any callus at the defect in the laminae. This 
case resembles the others in the type of congenital defect in the laminae. 
Had this patient not had a severe injurj-, the dislocation might never 
have occurred. 

Case 14.— Helen S.,“ aged 24, came to the Hospital for Joint Diseases com- 
plaining of tiredness and pain in the lower part of the back. The patient was a 
telephone operator, and she led a sedentary life. There was no known injury. The 
symptoms were of about four or five years’ duration and had come on gradually. 
Examination showed a marked indentation in the back at the lumbosacral junction. 
The motions of the spine were restricted, and there was tenderness to pressure 
over the lumbosacral tissues. 



Fig. 12 (case 13). — Dislocation of the fifth lumbar vertebra. Note the exten- 
sive defect in tiie laminae of the fifth lumbar vertebra. The bod 3 ' of this vertebra 
is wedge-shaped and its inferior surface is concave, facilitating its descent from 
the sacrum. The long axis of the sacrum makes an angle of about 25 degrees with 
the horizontal plane. The spinous process of the fourth lumbar vertebra is dis- 
placed forward. The lower intervertebral lumbar foramina are reduced in size. 
The arrow indicates the laminar defect. 

The lateral x-ray film (fig. 13) showed an almost complete dislocation of the 
) 0 ( y of the fifth lumbar vertebra. The superior surface of the sacrum was conve.x, 
with the front half sloping down abruptly. There was a rather wide defect or ^rap 
in the laiiiitiac of the fifth lumbar vertebra. 

Case 15.— ..\rthur H.,^ aged 29, applied at the Hospital for Joint Diseases for 
of two years’ duration. The onset had been gradual and 

included in my series with the permission of Dr Harrv 

r iHkclsicjn. 

■l- Dr. Henry Milch allowed me to include this case in my series. 
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did not follow any injury. The patient stood with his body bent forward. There 
was a deep groove over the lumbar spine. The upper part of the sacrum was 
prominent. Flexion and lateral bending of the spine were free and painless. 
Extension was painful. 

The lateral roentgenogram (fig. 14) showed a marked forward displacement of 
the body of the fifth lumbar vertebra on the sacrum. The posterior border of the 
body of the fifth lumbar vertebra was over the middle of the body of the upper 

Table 1. — Cases of Spondylolisthesis 


Cases 


Total to 

Males 12 

Females 

Trauma 31 

Doubtful - 

No trauma 6 


Table 2. — Age Groups iii Ca^r^ of Spondylolisihesis 


Age Cases 

10 to 20 1 

20 to 30 4 

30 to 40 7 

40 to 50 2 

50 to GO 2 

CO to SO 3 

Total 19 


Table 3. — Cases of PrcspondyloUsfhcsis 


Total. 

Males. 



liiLft-Uie ju Uiiiiborucrai angle. 

Subjective symptoms 

Asymptomatic 

Ages 30 to 40 

GO to 70 


Cases 


2 

2 

0 

1 
2 
1 


sacral segment. There was a marked defect in the laminae of the fifth lumbar 
vertebra. Tlie superior surface of the sacrum was convex, the front third sloping 
sharply downward. ° 

In previous communications I reported seven cases of spondvdol- 
istlic.sis which, added to the present twelve, make a total of nineteen 
cases m which there was a distinct forward displacement of one of the 
lunihar vertebrae. Of this series, the fifth lumbar vertebra was involved 
seventeen times and the fourth twice, which is about the proportion 
loinid by other observers. There were twelve male and seven female 
patients. This lap-er number of male over female patients, as repre- 
‘•enled m my figures, is confirmed by the statistics of some writers, but 
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have found a slight predominance of spon- 
. - .'iinoiig women. It is interesting, however, to observe that 

Jccent stiK cuts of tin's subject have found a large percentage of cases 
among men. m contradistinction to the older teachings that spondjlolis- 
t icsis \\,is seen onl} in women. Of the nineteen patients, one was 14 
}-ears old. eleven w-ere in the age group from 20 to 40, and seven were 
more than 45. Irnuma was a known factor in eleven of the nineteen 


cases. In two jDatients there was a doubtful histor}" of injury, while 
in the i est there was no evidence of any outstanding trauma. 

Tables 1 . 2 and 3 combine the seven cases of spondjdolisthesis pre- 
\iously recorded with the twelve in my present group. 


PREVENTION OF SPONDYLOLISTHESIS 

Cases of presjionch-lolisthesis are particularly interesting and impor- 
tant because through them one arrives at a means of preventing actual 
dislocation of a defective lumbar vertebra. One may readily believe 
that in cases of prespondylolisthesis, fusion of the vertebrae will prevent 
future dislocation of the fifth lumbar vertebra. In several of my group 
of spondylolistheses, in wdiich the symptoms came on after an injury, 
the displacement of the vertebra was only slight and the dislocation, 
in the words of Max Halhier, was incipient. If one had recognized 
the boil}' defect prior to the alleged accident, it is conceivable that 
fusion of the vertebrae would have effected a stabilization that could 
resist an injury. It is at least a reasonable assumption, and one that 
should guide the policy of treatment. 


SUMMARY 

Prespond)dolisthesis and spondydolisthesis are due to a congenita! 
defect in the laminae of a lumbar vertebra, as a result of which the 
posterior arch of the vertebra is connected to the body only by hhrou-^ 


tissue. 

The diagnosis of prespondylolisthesis is made by finding a ( c ec 
in the laminae of the lumbar vertebra without any displacement o tic 
body. The clinical symiptoms include pain and weakness of the >ac' 
and a variable degree of disability. 

A marked lordosis should make one suspect the e.xistence o *1 P^'^' 


spondylolisthesis. . 

When the diagnosis of prespondylolisthesis is established, usmti 
the vertebrae should be advised for the purpose of preventing an ac n 


dislocation. . 

Spondylolisthesis is now being recognized with increasing treq 

as an important cause of back disabilitv. 



KLEINBERG—SPOXDYLOLISTHESIS 


587 


The signs, symptoms and roentgen findings of spondylolisthesis 
vary in degree. The subjective symptoms are rarely in direct pro- 
portion to the degree of bony deformity. 

Spondylolisthesis may exist for many years vithout causing s}'mp- 
toms or disability. 

When symptoms are present, the\- may be relieved by external 
support of the back, or. in the more resistant cases, by fusion of the 
vertebrae. 

In all cases in which operations were performed, the posterior arch 
was found to be abnormally movable and manifestly connected to the 
vertebral body only by fibrous tissue. 

The patients operated on were relieved of their s}'mptoms. 



CALCIFICATION OF THE TVVORT MOUSE CARCINOMA 
(IN Vn-O) BY MEANS OF VIOSTEROL 


JOHN W. SPIES, M.D. 

PEIPIN’G, CHINA 
AND 

GEORGE P. LYMAN, M.D. 

SAN FRANCISCO 


^Although great strides have been made in the knowledge concerning 
calcium metabolism during the last decade, many things connected vitli 
it remain unexplained. Studies have been greatly stimulated b} tie 
discovery of a concentrated form of vitamin D in irradiated ei^ostei 
the preparation of a potent parathyroid extract and the biologic action 
of ultraviolet rays. Careful chemical studies and admirable dietary 
regimens have added much to previous information. Even such a sin- 
stance apparently so far removed from the problem eajl has 
the expert hands of Aub, his co-workers,^ and others, yielde < 
much value in its relation to calcium metabolism. 
present study ,ve are concerned only with the firs ■— 
namely, viosterol. Suiiimanes of the present know e g 
ject may be found in readable fonn in Cantarow s inoiiog . 
ciuni r and in Peters and Van Slyke’s e.«ellent textbook on q.»t.t.t 

clinical chemistry.^ pr<rnsterol ivill 

It is well known that sufficient quantities of actiya g 

in time produce abnormal deposits of calcium ^..^cnt 

animal body. Although the researches t,,c mast 

date, the presence of such lesions is beyond dispute. Amo g 

itoTj^hnson and Company of Evansville, Hospital^ San 

From the Peiping Union Medical College and St. Lakes 

Francisco. , Q„rrrerv Yale Univer.sify S‘^’’ 0 ol 

This work was done in the Department of Surgerj, 

of Medicine, New Haven, Conn. vr,.fi,vinc as parlial ret/ii'n" 

Submitted .0 the Faculty cl the Yale School of Med, cute a. 

ment for the degree of Doctor of Mcdtciie. ercoslcml are »"'■ 

Such terms as viosterol, irradiated ergos lerol and actuated 

i„..r*„geahbc.hroogh». « -”3, g p„„ih„g, ft: 

‘”u“trrL:T:A.i"rMeta?oh^ 

Lea & Febiger, 1931. c, .k^DD.; Quantitative Clinica’ ’ 

3. Peters, J. P-, and A an S > ’ ' „ wilkins Company, I9 jI- 

vol. 1. Interpretations, Baltimore, M tlhams & Y 
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significant studies have been those of T. D. Spies/ Spies and Glover, 
Kreitmair and A'loll,*' Smith and Elvove,' Hoyle, * Shohl, Goldblatt and 
Brown,® Simmonnet and Tanret,^“ Schiff,“ Pfannenstiel,^- Laas,"® and 
von Brand and Holtzd'* 

Not only did Spies give findings in relation to the calcium deposits 
in various organs, but by means of rdosterol he also produced the same 
process in tubercles. This accomplishment led us to believe that the 
same result might be secured in a neoplasm. 

As regards the spontaneous calcific changes seen in human epithelial 
tumors, Ewing stated that they are infrequent, usually associated 
with regressive processes, and that in rare instances they are con- 
comitant in the viscera. Roussy^® distinguished between the laying 
down of calcium in the stroma and in the neoplastic cells. In either 
case he noted the slow progress and sometimes even the disappearance 
of the growth. 

j\Iany chemical studies have been directed toward determining the 
calcium content of tumors. Most of the findings have been in agree- 

4. Spies, T. D. ; Calcification of Tubercles, Am. J. Path. 6:337, 1930; Calcifi- 
cation of Tubercles by Means of Irradiated Ergosterol in Experimental Chronic 
Tuberculosis, Am, Rev. Tuberc. 23:169, 1931. 

5. Spies, T. D., and Glover, E. C. : Renal Lesions with Retention of Nitrog- 
enous Products Produced by Massive Doses of Irradiated Ergosterol, Am. J, 
Path. 6:485, 1930. 

6. Kreitmair, H., and Moll, T. : Hypervitaminose durch grosse Dosen Vitamin 
D, Munchen. med. Wchnschr. 75:637, 1928. 

7. Smith, M. I., and Elvove, E. : Action of Irradiated Ergosterol in Rabbit, 
Pub, Health Rep. 44:1245, 1929. 

8. Hoyle, J. C. : Toxic Effects of Irradiated Ergosterol, J. Pharmacol. & 
Exper. Therap. 38:271, 1930; 40:351, 1930. 

9. Shohl, A. T. ; Goldblatt, H., and Brown, H. B. : Pathologic Effects upon 
Rats of Excess Ergosterol, J. Clin. Investigation 8:505, 1930. 

10. Simmonnet, H., and Tanret, G. : Sur la toxicite pour les animaux de 
laboratoire de hautes doses d'ergosterol irradie, Compt. rend. Acad. d. sc. 190:400, 
1930. 

11. Scbiff, .A.: Die durch Vigantol erzeugbaren Gefasswandveranderungen 
uiul ibrc Rueckbildungsfaehigkeit im Tierversuch, Virchows Arch. f. path. Anat 
278:62, 1930. 

12. Pfannensticl, W. : IVeitere Beobachtungen ueber Wirkungen bestrahlten 
Ersostcrins im Tierversuch, Miinchen. med. Wchnschr. 75:1113, 1928. 

1.1. l.aas. E. : Die .\nfangc der Vigantolschadigung beim Kaninchen, Virchows 
■■\rcb. 1 . path. .Vnat. 278:346, 1930. 

14, yun Brand. T., and Holtz, F. ; Beitrag zum Verlauf und zur Prognose der 
(lurch i. berdosierung von 1 itamin D Loesungen erzeugten Krankheit, Ztschr f 
phyviol. Chem. 185:217, 1929. 

^ I.'. I'-wing, James; Neoplastic Diseases, cd. 3, Philadelphia, W. B Saunders 
t "lupany. lOl.'t. 

lo Umissy. r,.: Le cancer, nouveau traite de medicine, ed. 2, Paris Masson 
(t tie, 1020 . Yol. 2, pt. 5. 
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.icconipanicd by necrosis indicates that there is a large amount of 
1 olassuiin and a small amount of calcium, but that the reverse is true 
m a slowly growing or necrotic oncoma. 

Krchhiel chd not discover any significant variations in the blood 
scrum calcium le\'cls of people who bore either old or degenerated 
tumors. J hcis and Benedict -® demonstrated that the blood serum 
content of calcium was somewhat below normal in a fairly large per- 
centage of patients with cancer. 

Caspai i and Ottensooser observed some growth retardation of 
the Ehilich mouse adenocarcinoma following the administration of 
inadiated ergosterol. However, they made no mention of the heightened 
calcific processes that were presumabl}^ present, and. consequently, one 
is justified in assuming that they did not make aity observations rela- 
ti^•e to these interesting phenomena. Sumi found that vitamin D 
did not materially influence the growth of a rat sarcoma. 


PURPOSE 

In view of various facts gleaned from the literature, it seemed 
worth while investigating whether viosterol might produce calcification 
of an actively growing carcinoma, and, if so, what effect it and the 
generalized deposition of calcium in the viscera might have on the bio- 
logic behavior of the tumor and its host. 


EXPERIMENTAL MATERIALS AND METHODS 

It was stated by the manufacturer that the viosterol was a sesame oil solution 
of irradiated ergosterol with a biologically-assayed antirachitic potency of 10, i 
times that of cod liver oil, being designated as 10,000 CLO. In the first 
ment it was deemed wise to use a weaker preparation, so that a dilution was ma i- 
with sesame oil until a strength of 1,000 CLO was obtained. In the second 
a mixture of 2,000 CLO was given in the first ten injections, and one of , 
CLO was employed in the last nine administrations. 


17. Beebe, S. P. : The Chemistry of Malignant Growths; The Inorganic Con- 
stituents of Tumors, Am. J. Physiol. 12:167, 1904-1905. . 

18. Clowes, G. H. A., and Frisbie, W. S.; On Relationship ^^etwea. Ka m 
Growth, Age, and Potassium and Calcium Content of Mouse Tumors (•■• i 

carcinoma Jensen), Am. J. Physiol. 14:173, 1905. rnnr<T 

19. Krehbiel, O. : Calcium Content of Blood with Special Reference to . • 

J. Cancer Research 5:199, 1920. _ _ 

20. Theis, R. C., and Benedict, S. R.: Inorganic Constituents ot 

Cancer, J. Cancer Research 8:499, 1924. . 

21. Caspar!, W., and Ottensooser, F.: Ueber den Einfiuss dcr 
Wachstum von Impgeschwiilsten ; Untersiichungcn fiber das \'itaimn . 

Krebsforsch. 32:74, 1930. , c.-., 

22. Sumi, M.: Influence of Vitamin D on Growth of TranspLntfU . . 

Gann 24:239, 1930; ahstn, .Am. J. Cancer 15:322, 1931. 
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The tumor was a transplantable mouse carcinoma secured from the Imperial 
Cancer Research Institute in London. The neoplasm was discovered by Dr. F. W. 
Twort, and his name has become attached to it. Murra 3 ' stated that it was an 
alveolar carcinoma, first found in the mammary region of a mouse, relativel\' slow- 
growing, successfully taking in from 70 to 100 per cent of the graftings, and 
metastasizing after a period of about eight weeks. Further notes regarding this 
tumor may be found in the reports of the Imperial Cancer Research Institute.--* 
In the first e.xperinient were included, white, brown, black and gra;,' mice in 
an attempt to observe any differences that might appear in various strains of 
animals. As none were noted, the second stud\' was carried out entireh^ with 
albinos. Healthy young adults of both sexes were employed, and segregation was 
practiced in order to prevent pregnancies. Throughout the winter the mice were 
excellent e.xperimental subjects, but in the summer great difficulty was had in 
avoiding epidemics of mouse typhoid (proved bj' repeated cultures) which swept 
the colony at intervals, causing wholesale deaths. After several such calamities, 
the reported investigations were carried on during the cold months in order to 
insure a sufficient longevity of the animals. 

The diet consisted of oats, lettuce and milk. Excellent care was given to the 
animals, and their surroundings were strictlj'^ h\-gienic. 

Bj' means of a trochar and cannula (internal diameter of 1.5 mm.), small bits 
of carefully selected, viable tumor were transplanted into the subcutaneous tissue 
over the upper portion of the abdomen, approximateh’ 2 cm. cephalad to the inser- 
tion point of the instrument through the skin. All grafting was completed within 
thirty minutes after killing the host of the parent growth, and the removed neo- 
plasm was kept constantl}' moist with physiologic solution of sodium chloride. 
Cleanly cut pieces of tumor nearly as large as the bore of the cannula were used ; 
thus all macerated and tiny bits were rejected. The percentage of “takes” ranged 
from 60 to 95. 

At the beginning of the procedure, the instruments were thoroughh- sterilized, 
but no attempt was made to antisepticize the skin of anj- animal except that from 
which the tumor came. No infections were observed. The probable rapid death 
of tumor cells exposed to germicidal agents would have required a drj-ing of the 
skin before piercing it ; and it is barely conceivable (but perhaps improbable) that 
the resulting prolongation of the autolytic processes within the excised carcinoma, 
due to the slight consequent loss of time, might have insignificantly lowered the 
number of successful grafts. Be that as it may, we found no need to elaborate 
our procedure. 

In the earl\’ postinoculativc period it was difficult to estimate the percentage 
of permanent “takes,” for some transplants remained almost stationar}' for a time 
while others promptly increased in bulk and then either continued to enlarge or 
disappeared. Therefore, a few animals lost their tumors during the experimental 
period, but, in order that we might witness their general condition during life and 
examine their organs at death, thej' were not eliminated from the studv. 

.\n intrapcritoncal method for the administration of the viosterol was employed. 
I be cvolvcinent of this technic and the results secured (in addition to those on 
the tmnorl constituted a special problem and have been incorporated in a separate 
article.- The pnxedure was merely the injection of viosterol into the peritoneal 

2-v Murray. J. Director Imperial Cancer Research Institute. London 
pirvonal communication. 

-I. Imperial Cancer Research Fund. London, rep. no. 4, 1911. and no. 5, 1912. 

-.s. Spies. I \\ .. ami Lyman. G. P.-. The Intraperitoneal .Administration of 
V lo-ten.l 111 Mice, unpublished studies. 
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f ^'-'-Po^'^nnic needle. The point of interest centered in to what 
t.vtuit, t any, the pentoneuni of the mouse would absorb the vitamin D principle 
^ adiatcd crgostcrol. Its efficacy hi this direction was considerable, as was 
IS ra cc )j the calcification of organs which corresponded closely to the 
process sioun In iircrious investigators as following the ingestion of suitable 
amounts of viosterol. 

1 he injections of the sesame oil, certain samples of which contained activated 
crgostcrol, were begun as soon as the permanency of the transplants seemed fairlv 
<(ssurcd, thus lengthening the time available for the inoculated substances to act 
and, by means of the utilization of 3 'oung tumors, lessening the factor of spon- 
taneous necrosis in the neoplastic cells. 

The tissues were fixed in 70 per cent ethjd alcohol and then stained according 
to von fvossa’s technic for the microscopic detection of calcium, and with liemo- 
toxj’Iin and cosin for the studj' of cel) structure. 


The histologic presence of calcium deposits was the deciding factor as to 
whether negative or positive results had been obtained, but the general condition 
of the animals was observed as an indication of toxicit)', and the growth of the 
tumor was noted as a matter of interest 


PLAN OF EXPERIMEiVTS 

Illustrative details of two experiments are set forth. In the first of these a 
total of twenh’-seven mice was employed. Eleven of these received viosterol in 
addition to the regular diet (table I). A second group (experiment I) contained 
nine mice, each of which was given unadulterated sesame oil plus the basal ration, 
thus serving as a control for the vehicle of the activated ergosterol (fable -)• 
These two series received the same amount of sesame oil at each injection 
(table 4). A third lot (e.xperinient 1) comprised seven animals which obtainci 
nothing aside from the routine laboratory food (table 3). ^ 

At the beginning of the study each animal in experiment 1 bore a tumor. 
few’ of these regressed during the period of observation. In order to care or 
time factor, the span of life in the two control groups was made to parallel co.c, 
that in the viosterol series. . . 

In experiment 2 there were thirty-five mice. The first group, 
fifteen tumor-bearing animals, received irradiated ergosterol and *’’? Y''''Ytbin': 
diet. The second lot, comprising eleven tumor-bearing members, was guen i 
in addition to the usual ration. The third series, containing nine 
mals, was given injections of the same amount of viosterol as the first group. ^ 
the last two lots served as controls for the first. Data concerning e.vptci'i 
are found in tables 5, 6, 7 and 8, respectively. 

RESULTS ^ 

Tables 1 and 5 contain data which demonstrate tiiat 
amounts of calcium were deposited in the expcntnentnl 
the viscera of mice that were given intrapcritoric.d nijcc i 
viosterol over a period of from twenty-nine to sixty-onc 
longer the interval of time the greater was the intensity ot ca 
hut apparently it wns more pronounced in llic areas ot nan 
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this being especially noted in the carcinoma (figs. 2 and 3). However, 
one may not say from our studies whether the necrosis preceded or 



Table 1. — Experiment 1 

; Data 

on Viosterol Group 



Tumor 

Total 

Xo. of 

Microscopic Amount of Calcium 

JL 

i * 

JIousc 

Present 

Days* 

Doses 

Tumors 

Organs 


No 

2.3 

7 


None 

0 

Yes 

CO 

17 

Moderate 

Moderate 



CO 

17 

3Ioderate 

ifoderate 


No 

ATi 

12 


Moderate 



40 

13 

Jfoderate 

Moderate 

G 


20 

S 

Moderate 

Moderate 



61 

17 

Sloderate 

Moderate 

s 


43 

12 

3Ioderate 

Jloderate 

9 


26 

S 

Slight 

Xone 

10 


5S 

17 

iloderate 

Moderate 

11 


31 

9 


Moderate 


♦ Total days from the time of the first injection of viosterol to death. 

The administration of viosterol began ten days after the grafting of the tumor. 

There were eleven mice. Eight had tumors, all of Tvhich showed calcification. Eight mice 
revealed the same process in the lung, stomach, kidney and aorta. 


Table 2. — Exficriincitt 1; Data on Sesame Oil Group {Controls') 



Tumor 

Total 

Xo. of 

Microscopic .Amount of Calcium 
, • , 

Mouse 

Present 

Days* 

Doses 

Tumors 

Organs 

1 


4.3 

12 

Xone 

Xone 

0 


<)0 

0 


None 

3 


41 

n 

Xone 

Xone 

4 


41 

11 



3 

Tes 

Cl 

17 

Xone 

Xone 

C 


Cl 

IT 

Xone 

Xone 

7. 


6S 

IT 

Xone 

X'one 



53 




0 

No 

35 

10 


Xone 





* Total days from the time of the first injection of sesame oil. 

The administration of sesame oil began ten days after the grafting of the tumor. 

There wore nine mice. Five had tumors, calcification was seen in either the tumors or 
the organs. 


Table 3. — Experiment 1; Data on Group into Which No Injections Were Made 

(Controls') 


Microscopic Amount of Calcium 


Tumor 

Present 

Total 

Days* 

Tumors 

A 

Organs 

Tes 

40 

None 


None 

No 

Cl 



None 

1 c.« 

41 

Xone 


Xone 

Yes 

2G 

Xone 


Xone 

Ics 

5S 

None 


Xone 

1 cs 

5S 

None 


None 

Yes 

5S 

Xone 


None 


from tJio time of beginning of the injections in groups 1 and 2. 

I ne tumor "n® grafted on the same date as in the other groups of experiment 1. 
or thp'orgnnr tumors. :No calcification was seen in either the tumors 


caused by the deposit of calcium. A similar process, of lesser 
exteut perhaps, was seen in the pulmonary metastases (fig. 4). 

The evidence amassed in tables 3 and 6 reveals that those mice 
which Were gucu only the usual diet did not show calcium bv the von 
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J Afi/.E -J . — Experiment 1 ; Dosat/c 

Number of 

I)ofe.“ 

I 

Amount* Each 
Dose, Cc. 

1,000 CLO 

Total Dos- 
age, Cc. 

Period of 
Dosage, Pays 

*> 




;( 




4 




T> ^ 




C 




7 , 




.s. . . 




!> 



31 

10 




11 



40 

12 



43 

b! 



4J 

IJ 


3.400 

1 .“iQO 

yO 

L7 


04 

30 

a I.*?:! 



37 


l.Sfij 

Cl 


' In terms of a scfiijiie oil solution of Irradintcd ergostcro) liaving a bioloKicully-ii.'snjfil 
amirncliitif potency of ],000 times that ot cod liver oil. 


Taule 5. — E.vficn'iiiciit 2; Data on Viostcrol Group 


jMlcroscopIc Amount of Ciilclum 


Mouse 

Tumor 

Present 

Total 

Days* 

No. of 
Doses 

'J'nmors 

Organs 

1 


43 

IJ 

Jloderntc 

Large 

•) 


49 

17 


Large 


No 

49 

37 


Large 

4 

Yes 

50 

IS 

Dnrgc 

Large 

Large 

Large 

Large 

Large 

Largo 

Large 



50 

18 

Diirgc 

0* 


60 

18 

Large 


Yes 

50 

IS 

Large 




51 

IS 

Jloderatc 

0 


51 

IS 

Large 

30 


52 

10 

Large 

11 


62 

ID 

Large 


12 


52 

1.0 

Large 


Hi 


52 

10 

Large 


24 


52 

10 

Large 

j iH 1 hv 

1 r. 

• Yes 

52 

10 

Large 

iJtH h' 


* Total (lays from the time of the first injection of ' ft""' fP 'jip 
The administration of viostcrol began ten days after tiie "L am 

There were fifteen mice. Al! sliowed ciileifleation of hint, ’ 

Thirteen of tlie mice ijnrl tiunors, cnch of whk*b revealed ca/cincnnon. 


,I nortn. 


Table 6- 


-E.vpcr'uncnt 2; Dala on Group tuto Which No Injulwus^l ^ 


Mouse 

1 .... 


y. 

10. 

11 . 


Tumor 

Present 

Yes 

Yep 

Xo 

Yes 

No 

Ye.^ 

Yes 

Yes 

Ye< 

No 

Ve« 


Total 

Pays* 

43 

4?> 

40 

40 

4U 

4U 

40 

4I» 

3/ 


.'\Ilcro“eople AmMi^ie'aWn'''_ 

tircnn' 


Tumors 

None 

None 


Very .‘•llk'ld 


None 
None 
Very ! 

Nfiiie 

None 




None 

Non" 

None 

Non'' 

None 

Non" 

None 

No/o- 

.Vo'j" 

Non'- 

Nit::*- 


Total day® lived dafe/l fronj 
iLlo The mie 
There aere eleven mice. 


fhe time of the tlrf-t ff|J|'e 


lion of 


group ftable 5,. The mice in^l^^rt^o^ataGl Gry AiW.t - 


e nrj-t injection oi . 

1 reerlvcd tmnor rrefi; on » 

. . t . rV . IV'llt < n-' •• 


SPIES-LV:MAN — TWORT mouse CARCISOMA 

Kossa histologic method except to a minor degree in two instances, these 
being limited to the tumor and probabU' due to viosterol secured by 
coprophagy. Necrosis of the neoplasms seemed as marked in the 
control animals (fig. 1) as in those which had been given large amounts 
of viosterol, thus evincing that so far as the carcinoma was concerned 
the death of the tissues probably preceded the laying down of the 














Fig. 1 (mouse 2, table 6). — Section of primary tumor. The animal received 
nothing aside from the routine diet. The lighter areas represent necrotic tissue, 
'\hilc the darker ones depict viable tumor. The relatively few black points denote 
pjknolic tumor nuclei and leukocj'tes. No evidence of calcification is seen, 
von Kossa stain; x 75. 


calcium, and that necrobiosis was not necessarily the result of the height- 
ened calcific jirocesses. 

1 able 2 reveals that tbe sesame oil per se had no effect on the 
depovitinn ot calcium in either the neoplasm or tbe ortjans. 













Fig. 2 (mouse 9, table 5). — Section of primary tumor. (Figures 2, 3, 4 and 5 
represent the same mouse.) This animal received injections of viosterol The 
black areas portraj^ marked calcification of portions of the tumor, von Ifossn 
stain; X 75. 





Fig. 5 (mouse 9, table 5). — Section of lung. The calcium deposits correspond 
to the blackest areas. Depicted in the lower right hand portion of the photograph 
is an artery with partial calcification of the wall. The same pathologic process is 
in the bronchus (middle of figure) and to a lesser extent in the alveolar septums. 
von Kossa stain; X 75. 
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showed that the presence of krge amounts of 
caicnnn in the ueopksm did not apparently increase the mortality of the 
cancel ceils or accelerate fibroplasia. 


TABI.K 7.~n.rt,crmcut 2; Data on Fiosterol Group, Tnmor-Frcc Mice 

( Controls) 


llouso 

1 ... 

1.. . 

r,... 

c... 

7 . . . 

5.. . 
!•.... 


'J'otal 

tfo, of 


Microscopic Amount of Calehim 


Hay* 

Doses 

Lmg 

Stomach 

Kidney 

Aorta 

1.1 

5 

Xone 

None 

None 

None 

‘i»l 

11 

ftInrJccd 

Marked 

Marked 

Marked 

4S 

17 

Slarlrcd 

Marked 

Marked 

Slarkeii 

4S 

17 

Marked 

Marked 

Marked 

Marked 

4S 

17 

Morlred 

Marked 

Marked 

Marked 

40 

Ifi 

Marked 

Marked 

Marked 

Marked 

IS 

IC 

Marked 

Marked 

Marked 

jMarkeii 

4S 

17 

Marked 

Marked 

Marked 

Marked 

4S 

17 

Marked 

Marked 

Marked 

Marked 


Uotal days from the time of the first injection of viostcro! to death, 
jiiodso I died too carlj' to shoir cliarncfer/stie chnnsos of hj’pervitnniinosis D. 
liwra irere nine tiinior-freo mice. Eight had cnlciflcntion of the limp, stomach, kiiiiK’.r 
and aorta. 


Table S. — Experiment 2; Dosage 


No. of Doses 

.Amount 
Each Dose,* 
Cc. 

Total 

Dosage, 

Cc. 

Period of 
Dosage, 

Da. vs 

Condition ol 
tlic Mice 

1 

9 

s 

i 

5 

O.OW 

O.OIS 

o.oct 

O.OJS 

Q.OGi 

2,000 CEO 

O.OC4 

0.112 

0.176 

0.224 

0.2SS 

1 

■) 

S 

21 

25 

Normal 
Norma! 
Normal 
Normal 
. Normal 

Kornial 
Normal 
Normal 
Normal 
Normal 

G 

O.Ofit 

0.006 

0.352 

0.44S 

IS 

22 

s 

9 

10 

0.09G 

0.12.S 

0.100 

0.544 

0.072 

0.S32 

2.T 

29 

32 


11 . 


O.OIG 


10,000 CiO 
o.oio 
o.oso 


Si i Anorexia, loss of ivclclil. 

SG 1 bloody diarrhea 


ts 

OMO 

0.170 

ss 

1 Tendency to 

14 

25 

0.090 

0.090 

0.272 

0.SG8 

40 

42 . 

1 iniirtlvtty, 

1 ruWliJf: ol Jiftlr 

ir* . 

0.09G 

0.404 

44 ] 

! Somemlee have dle<!; 

17 ,, 


0.502 

40 1 

otlier.s aremi'-lei!''), 

' and tads are 
cyanotic 

28 

0.12S 

0.720 

45 

19 

0.12S 

0.S4S 

50 ) 


* In terms of a sesame oil solution of irradiated crposterol havhip a |'*y|”|5**'”*** " 
antirnchitle potenej' of 2,000 cio in the first sample and 10,000 01,0 in the so on . 


The deposition of calcium in the tumor may iiave slightly prcccc c 
that in the organs, but in the latter stages of the disease tlie procc 
was apparently as marked in one as in the other. 

The observations made on the tumor-frcc mice ftahlc 7) 
the calcification of the animal tissues was independent of the fire ^ 
of the carcinoma, and in addition confirms t!ic work of po 
investigators. 
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In our animals the natural course of the Iwort carcinoma did not 
seem to be influenced significantly by the giving of. large amounts of 
viosterol. There may have been more early regressions, but tumors 
which did progress advanced at the usual rate and were able to metasta- 
size to the customary site, i. e., the lungs. 

After approximately thirty-four days the toxic eftects of the acti- 
vated ergosterol were manifested in obvious derangements in the general 
condition of the animals (table 8). Since the signs of illness appeared 
simultaneousl}' with the administration of the more potent solution 
(10,000 CLO), and since furthermore the first dose was more than 
proportionately reduced iir quantity, the occurrence of these signs at 
that particular time was considered but a coincidence. 


COMMENT 


The calcification of an experimental tumor by means of viosterol 
might well raise the question as to its clinical application. The same 
problem has presented itself in the therapy of tuberculosis. In the first 
part of this paper it was pointed out that T. D. Spies had experimentally 
produced calcification of tubercles by giving large amounts of irradiated 
ergosterol. He warned against the clinical use of proportionate dosages 
in people and would therefore make no presumption that his work 
could, or should, be duplicated in patients. Becker and others have 
reported good results in persons suffering from phthisis, but on the 
whole the evidence has not been convincing. 

From our observations we should surmise that in human carcinomas 
the results of giving large doses of viosterol would be disappointing. 
This is based on the facts that the fully established tumors in our 
animals were not restrained, and that the necrosis seemed no greater 
than in the control neoplasms. Moreover, as medication continued, 
the animals became ill and died. It might be desirable to test the effects 
of therapeutic dosages of viosterol in mice bearing various types of 
tumors, but a sufficient period of time should elapse so that a possible 
connective tissue reaction might be instituted, and care should be taken 
m order that the natural resistance of the host to the neoplasm would 
not be lessened through damaging the viscera with toxic doses of activated 
ergosterol. 

Since both lead and calcium have an affinity for osseous tissue, it is 
interesting to conjecture the results that might be obtained from such 
therapy directed toward bone tumors. Certain interchanges which occur 


26. Becker, O. ; Vi’gantol-Kalkbehandlung bei 
med. Wcbnschr. 56:1007 (June 13) 1930. 


Lungentuberkulose, 


Deutsche 
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m vjvo between lead and calcium indicate the possibility of viosterol 
being able to influence tlie deposition of lead. 

The increased density due to calcium deposits might tbeoreticallr 
offer a possible aid to roentgen diagnosis, but in order to be safe, and 
therefore of clinical value, the calcification of the tumor should precede 
that of other tissues. At present such a selectivity does not seem 
probable. Since neither the cancer nor the tissues had any apparent 
influence on the calcific processes in the other, one would assume that 
the deposition of calcium was a general phenomenon and that there 
was no greater susceptibility of the neoplasm than of the stomach, 
lungs, aorta and kidneys. 


Table 9. — Summary of Data 


Kxiicrlmcnt i: 

V'lostcrol group; S mice with tumors; all rereaJed calcjflcaflon of the tumors (tabic 1) 
Sesame oil control group; 5 mice with tumors; none rcrealed cnlclflcatlon (tabic 2) 
Control group, rccelrine only usual diet: G mice with tumors; none revealed enlciflcatlon 
(table S) 

E.vperlment 2: 

VIostcroI group; 13 mice with tumors; all revealed calciflcatlon of the tumors (table .'>) 
Control group, receiving only usual diet: S mice with tumors; two revealed very siiRnv 
calcification of the tumors (table C) i.,. 

Control group, without tumors but receiving viosterol; 0 mice without tumors, ciRia 
revealed calcification of certain organs (table 7) 

Combined data of experiments 1 and 2; , , 

Viosterol groups: 21 mice with tumors; all revealed calciflcatlon of the tumors 
Control groups; receiving only usual diet: 14 mice wltli tumors; two rovenied tery .as 
calcification of the tumors , , , none 

Control group, receiving sesame oil containing no viosterol; 5 mice with tumor., 
revealed calcification , elcht 

Control group, receiving viosterol but bearing no tumors: 3 mice without tumo s, 
revealed calcification of certain organs 


One criticism that might be offered against tlie present studies is that 
the animals receiving injections of viosterol were not rigidly separate 
from the others. Nelson and Steenbock *' have shown that the eces 
of rats contain protective amounts of vitamin D after the amma^- 
have been subjected to the ultraviolet rays. It is possible that coprop lai,) 
might have enabled some mice that did not receive injections to secure 
a quantity of vitamin D from their cage mates that had received 
way of the peritoneal cavity and thus explain the slight calci 
of tumors in two mice which were given nothing but the diet. I ^ ’ 

one does not know that the results of Nelson and Steenbock ^ ^ 

obtained under our experimental conditions, and, moreover,^ f ic 
uniformity of our findings was preclusive of any serious ini cs iga 

errors. 

27, Nelson, E. M., and Steenbock, H.: Fat Soluble Vitamins : Furlhcr Ob'"'^^ 
tions on Antirachitic Action of Irradiated Animals on 2\on~Jrra< la 
Placed in the Same Cage, Am. J. Physiol. 73:341, 1925. 
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SUMMARY 

We have endeavored to rationalize the present study on tlie basis 
of clinical and experimental observations which have shown that in a 
general way the presence of a large amount of calcium in an epithelial 
tumor is indicative of growth retardation. 

Because dependable researches have proved that certain organs 
of the body may be overloaded with calcium due to the influence of 
irradiated ergosterol, it was thought that calcium nught be deposited 
in a carcinoma as a result of the host receiving large amounts of viosterol. 
A more direct lead was that given b)' T. D. Spies, who clearly demon- 
strated that such an effect could be produced in tubercles. 

The materials and experimental methods employed have been 
described in detail, and the results obtained have been portrayed in tables 
and photographs. The srunmary of the data may be found in table 9. 

The chief point of interest was that an intense calcification of por- 
tions of a mouse carcinoma was obtained b}' means of viosterol. 

A discussion of the effects secured has been appended. This includes 
a criticism of the present investigation and its application to the clinic. 

COKCLUSIONS 

1. Toxic doses of viosterol produced calcification in actively growing 
mouse carcinomas and their metastases. 

2. The heightened calcific process in the neoplasm was apparently 
concomitant with that in certain viscera. 

3. Except in the earty stages of therapeusis and tumor growth, the 
biologic behavior of the host seemed more affected than that of the 
neoplasm. 
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BLADDER 

Carcmoma.-Timmga=' stated that the technic of «''' 
method of implantation of radon seeds into vesical tiimois . 
at the Memorial Hospital is comparatively snnjilc. It ,, 

mortality of between 3 and 4 per cent, yet is si'ccessfu 
i„any tmnors that are inoperable. It is especially successful in ■ 
with tumors of the base of the bladder and trigone. 

In some cases the implantaLon is not piopcily p . 
are two principal reasons for this : (I) The j trcat- 

for the diagnosis and the operation is usually not train . 
ment with radium, and (2) an adequate number of 
proper strength is often not available. For nn;. 

should have at hand half again as many ‘ ; ,,ii,Iv iiUi- 

be required, since neither cystoscopy nor a cystograni cai i • - 

cate the extent of a large vesical tumor. ,..,rc,-iioni.n hy 

In a specific consideration of the control o ^ 
radium, there are two method.s of approach: 
the open bladder and througii the cystoscojie. L. 

L been successful in a comparatively large .senes o, case. ^ 

B. S.: The TeCnf^.e of /TSfriu ' 

Seed into Bladder Carcinoma. .Siirg.. Gyncc. ft O . 
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pubic niethod of approach is the one of choice. Points in fcuoi of 
alw 3 vs using it are: the ease with wliicli it can Ije clone, and the relaticcl} 
low mortality. In the first 109 consecutive cases treated suprapubically 
by Barringer, he stated that 4 patients died in the hospital, an operative 
mortality of 3.6 per cent. Since that time the operative morlalily in 
his cases has risen to about 4 per cent. This percentage is low when 
one considers that many inoperable cases are included. 

During the last six years, Barringer stated, spinal anesthesia has 
been used in the ^lemorial Hospital. In none of the cases, now num- 
bering more than 1.000, has death resulted from anesthesia. The shock 
to the patients has been minimized, and they are able to take fluids in 
much larger quantities, and sooner, than after general anesthesia. 

If the tumor is papillary, the papillary portions arc removed by some 
form of cautery, so as to expose the base of the lesion. If the tumor 
is flat and the surface sloughs and ulcerates, light cauterization should 
be done to help control the infection. Radon seeds, of a strength 
between 1 and millicuries, should then be implanted at the base of 
the tumor. To treat a large tumor accurately at least twenty radium- 
bearing needles should be used. .A. line of these needles is placed on the 
extreme edge of the tumor, then a second line above tliis. 

The patient does not experience any reaction from the radium until 
from ten days to two weeks have elapsed, and the height of the reaction 
occurs perhaps a month after implantation and then slowly recedes. 
Pain and urinary frequency result. The larger the dose of radium and 
the nearer the tumor is to the vesical neck, the greater is the reaction. 
In making the implantation one does not pay any attention to the 
ureteral orifices, even if the tumor is directly over one or both. 

Boyd called attention to the significance and frequency of urinar}' 
obstruction in carcinoma of the bladder, which can, in some cases, be 
satisfactorily treated and prevented by nephrostomy. Nephrostomy 
should be used to prepare patients, particularly for cystectomy, when it is 
a more rational procedure than ureteral transplantation to the bowel, 
at least until ureteral transplantation by the Coffey technic is proved 
to supply adequate drainage as long as it is needed. Boyd stated that 
the literature on carcinoma of the bladder seems to indicate that urolo- 
gists do not generally appreciate the frequency with which urinary 
obstruction occurs with vesical growths, nor do they often enough take 
adr antage of the opportunity that is offered by nephrostomy to cure or 
relieve the suffering of patients with carcinoma of the bladder. 

In the past, two essential factors have been lacking to make nephros- 
tomy as popular an operation as it should; (1) satisfactory tubes and 


ot Nephrostomv and Nephrectomy in Carcinoma 

ot the Bladder, J. A. M. A. 99:1226 (Oct. 8) 1932. 
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cotUaincrs for urine, and (2) an operative technic which avoided hemor- 
rhage aiul leakage of urine about the tube. An efficient method of 
urinary drainage and an efficient apparatus arc illustrated by a case in 
which ncj)hrostomy had been performed and eight years later the patient 
was in good health, had married and was carrying on the business of 
life satisfactorily. 

Hirsch and Schmidt ”'* stated that the diffuse infiltrating type o 
carcinoma of tiic urinar}' bladder, according to tiie experience of urolo 
gists, has an insidious clinical course. The usual symptoms may e 
absent, especially hematuria. The outstanding anatomic features are 
the marked infiltration and thickening of the vesical wall and the absence 
of a conspicuous tumor of the lining epithelium. 

In one case, the cells of the tumor were small, and m 
which compression, necrosis and deep penetration o 
harl not masked the structure, the arrangement was 
papillary form alines the infiltrative 

witlt other papillary tumors of the , ^Wist, the 

arrangement is not recognized in the ^ infiltratiof of the 

small size of the carcinomatous cells and them ^^,1 

wall of the bladder may lead to the histologic d g 

sarcoma or lymphosarcoma. of the bladder. 

Winsbury-WUte- reported a case of ““f'f fre 
The initial symptom was hematuria, yeaiV 

quency. urgency and difficu ty o uri , ’ mucosa of the 

Iration. Cystoscopy 

bladder was irritable and there was a la.ge^id 
bladder was drained snprapnb.c^l) , dj 
sinus had not closed, four 1.3 mg. 

the ulcerated area. s l^eforc opera- 

After nine months, the W";: was highly 

tion. Cystoscopy was aga.n ""P“ ^ the urinary tract dis; 

irritablc. Study of the upper and i„travenous inject" ' 

closed no etiologic factor. Urograms 

gave essentially negative results- Wassermanii reaction g 

colon bacilli were found on culture. The Wasse^^ ,l,c 

negative results. Microscopic sections '■ ® „s squamous, 

characteristic changes of leukoplalna. strali 

with keratinizatiou of the ‘“f A|,e,i„m projecting *e > 

gcanulosum and well doveioped .•ong“es of epith^^^ 
into the underlying connective tissu . ^ -’• 

E. F., and Schmidt, ucP^>n 

the Urinary Bladder ej-ract. v> 

34. Wmsbury- White, H. r.. ,, 

a Case, Brit. J. Surg. 2l)i« OnW 
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uniform distribution of the change over the whole of the vesical mucosa 
except that the trigone was ulcerated. 

In considering the etiology of leukoplakia \V inshury-\\ hite called 
attention to the accumulated evidence that it is a deficiency disease. It 
has been demonstrated that epithelial metaplasia not confined to hut 
including the urinary tract is common if the diet is deficient in vitamin 
A. Although infection is commonly associated with leukoplakia, it can- 
not be assigned as a cause. 

Bilharziasis. — Makar described the cystoscopic appearance of bil- 
harziasis of the bladder. The changes arc the result of infiltratio\r of 
the wall with ova of Bilharzia. The infiltrations may be superficial, 
producing pathologic changes, but the cystoscopic picture is typical, 
although at times it is confused with that of carcinoma or tuberculosis. 
The process may be deep, leaving a normal mucosa. More commonly, 
however, the deep lesions produce changes in the mucosa. 

The lesions may be divided into those of the mucous membrane, the 
submucosa, the deep vesical tissues, the intravesical portion of the ure- 
ters and the complicating lesion. The characteristic lesion is the 
bilharzic tubercle, which is not unlike the tubercle of tuberculosis. At 
times the tubercles coalesce to form the bilharzic nodules, which in turn 
may group to form the bilharzic node. The nodules may form ulcers, 
which in cases without infection are small, superficial and devoid of 
slough. With the advent of infection, secondary changes in the ulcers 
take place. 

Bilharzic papillomas commonly occur on the posterior wall and at 
the ureteral orifices. Calcification is common in these lesions, and 
roentgenograms are characteristic. Infiltration of the deep vesical tis- 
sue with bilharzic ova and the accompanying fibrosis and calcification 
produce submucous masses with ulceration, pedunculation and. later, 
marked contraction of the bladder. The bladder infested with Bilharzia 
may become severely infected. One of the most common and distressing 
complications is bilharzic carcinoma, which has been named “irritation 
cancer,” because its origin is attributed to prolonged irritation by m3’'ri- 
ads of bilharzic ova. 

Diverticulum . — Martin stated that unrecognized diverticula of the 
bladder encountered during the course of prostatectomy are a source 
of great trouble; an attempt should always be made to diagnose and 
treat them before operation. Although the diagnosis is most often made 
m cases of infection or in difficult cases in which numerous cystoscopic 

35. Makar, Naguib: Cystoscopic Appearance of Bilbarziosis of the Bladder 
Bnt. J. Urol. 4:209 (Sept.) 1932. 

36. Afartin, L. ; A propos du traitement des diverticules de la vessie au cours 
de la prostatectomie, J. d'urol. 33:182 (Feb.) 1932. 
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’ -'ix'ns .-ux- .xqt.nxd. one is occasionally confronted with a case 
..etc retention m whicli the urine is dear; this does not suggest a 
t'culum. \\ lien the diverticulum is not too large, adequate drain- 
. ge niay be secured by simple debridement, followed by packing with 
locourse to grave operations which are designed to 
lemoxe the divcrlicuhim. It is adv'isable to suture together the two 
mucous membranes to avoid dilTusion of infection in the cellular tissue 
It this has jiasscd beyond the vesical wall. 

If diverticula are large, however, palliative treatment will fail. In 
iudi\idual cases operative methods include multiple scarification, 
lemoval of the spur on one side of the neck of the bladder between two 


clamj),s', followed by debridement with scissors or knife; simple incision 
•uicl tamponade may also be used. All these ameliorate the condition, 
and if any one of them is successful in suppressing the urethral or 
prostatic obstacle or sclerosis of the neck of the bladder, satisfactory 
results may be obtained. 


fCo^rpiLERs’ Note. — In the majority of cases in which prostatec- 
tomy is performed or in wdn'ch residual urine is present, cystoscopy 
should be accurately performed and a cystogram should be taken in an 
effort to establish a proper diagnosis before operation. When the 
diverticulum is not of the retentive type, simple removal of the obstruc- 
tion from the vesical orifice by'^ prostatectomy or resection of the vesical 
neck by the electrosurgical method or by the punch operation will he 
sufficient to relieve the condition. Lowsley and Gutierrez have 
described the three-stage method of treatment, to be used when the 
diverticulum is of the retentive type: first stage, suprapubic drainage, 
to relieve infection and secure gradual renal decompression; second 
stage, perineal prostatectomy, when the hypertrophy of the adenomatous 
prostate gland interferes with the normal drainage of the bladder, anc 
third stage, suprapubic or transvesical diverticulectomy to remove t le 
sac of the diverticulum. Concomitant associated changes, such as 
tumors or calculi, have repeatedly been reported in the literature. Hence 
it is obvious that when a diverticulum is of the retentive type it mus 
ahvay'^s be removed in toto in order to obtain permanent curc.| 

Umbilical AAtn/cr.—Duclaux and Blondin have assembled froni 
the literature 35 cases of uracho-umbilical. or as Begg prefers to ca ij 
vesico-umbilical, fistula. They reject, or accept with reser\e, 3 ® ^ ^ 

56 cases reviewed by J. Monod previous to that date. They acc j 

37. Lowsley, O. S., and Gutierrez, Robert: Operative J, 

relief of Diverticulum of the Urinary Bladder : Analysis of Fifty our 

Urol. 19:459 (April) 1928. 

38. Duclau.x, Henri, and Blondin, Sylvain: L’ouraf|ue et Ics fistuic? tin • 
de I’ombiHc, Rev. de chin, Paris 71:45 (Jan.) 1932. 
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total of 86 cases that are indisijutahle. to which they have added I case 
of their own. Of these 87 patients 51 were males, and 60 were newly 
born infants or were observed during the first weeks of life. It is not 
exceptional, however, to see such a fistula appear in adults or in aged 
persons. In some of these cases there had been an umbilical fistula in 
childhood, which had been closed, either by operative measures or spon- 
taneously. and which in later years had reopened. 

Certain predisposing causes were found; Thus, phimosis had 
occurred in 5 cases ; atresia of the meatus, more or less complete, in 3 ; 
obliteration of the vesical neck in 1 case, and persistence of the om]>halo- 
mesenteric duct in 1. In some cases there was a leaking umbilical gran- 
uloma or the opening of a small abscess at the level of the cicatrix. 

As a rule, the members of the family ask for surgical treatment for 
what is recogiiized as a painful infinrrity in the child. The prognosis 
depends on the extent of the malformations and often on the degree 
of resistance of the newly born infant. Infection of the upper part of 
the urinary tract has in a number of cases proved fatal. Three patients 
who died were between the ages of 25 and 28 years. Adenocarcinoma 
has been known to develop at the site of the fistula. 

In favorable cases the fistula is easily obliterated ; it may close sjjon- 
taneously or following suitable treatment. When the discharge is free, 
it is easy to close the orifice, but as the tissues are fragile, it easily 
reopens. If the urine exudes drop by drop, owing to failure of the 
ventral cloaca to close, surgical closure is final. 

Thirty-five cases of umbilical tumors were recorded. In 1 case there 
were two penes, and urination from them was simultaneous. Certain 
vesical conditions, such as calculi. Avere observed in some cases. Begg 
has pointed out a tendency toward lobulation of the kidneys, or to kinks 
or dilatation of the ureters. Abscess and C 3 -stitis were present in 5 
cases, tuberculous lesions in 3 and carcinoma in 3. 

Diagnosis is usually easy. If the child is newly born, cicatrization 
is slow after fall of the cord ; the integument is irritated by the liquid 
flowing from the navel in greater or smaller amounts ; actual inflamma- 
tor}- lesions may appear, or some form of torpid pruriginous dermatitis. 

The umbilical region is in a state of tumefaction, with a veritable 
hernia protruding when the child cries. At one point of this protrusion, 
usually the loArer part, liquid is seen flowing out through a fine orifice. 
The opening is sometimes masked by crusts, or if there is no tumor, 
ndden m a fold of the umbilical depression. The fluid may flow, spurt 
or be elicited by cries or pressure. It is always important to examine 
the lower passages carefully for phimosis. As a rule most of the urine 
ows out through the urethra; the umbilical discharges are less abun- 
dant, and exhibit a certain rhythm; thus in some cases the discharge 
may follow this course with the patient recumbent; in other cases either 
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'"'V “t “Ski. *■ 

•tnr . . was made on the basis of the appear- 

' c of in una observed a few days after the umbilical discharge began, 
Uuis scemmi( to prove a connection with the bladder. Delore stated that 

infection passes from the umbilicus to the bladder; Legiieu stated the 
re\-frse. 


_ Various therapeutic measures have been tried. All have two ends 
m MOAi . (!) to lecstablish complete permeabilitj^ of the lower part of 
t 1 C urinai \ passages, and (2) to attempt to obliterate the fistulous 
unil)ilicai orifice, bor the first, circumcision should be performed if 
there is phimosis. For the second there are various surgical procedures. 
Comjrression of the orifice was successful in only 1 case recorded. 
Superficial or intracaiialicular cauterization with caustics or the actual 
cauterv has given good results. Ligature of the umbilical tumor has been 
successful in some cases and has failed in others. Suture after freshen- 
ing of the canalicular surfaces has been tried, but may lead to hernia, 
i he urachus may be opened, the mucosa destroyed with a curet, the 
lower extremit}" tied at a proper distance from the bladder, the wall 
sutured into its upper half and the lower half plugged with a tampon. 
Or again, the peritoneum ma)’- be opened, and the urachus isolated and 
resected, with proper protection of the greater cavity; the lower e-xtreni- 
ity may be ligated, and the wall completely closed, with care to fix the 
stump well outside of the peritoneum to avoid the risk of intraperitoneal 
fistula. Monod performed total resection of the fistulous urachus, after 
opening the peritoneal cavity; he closed the A^esical breach in three layers, 
with solid recomposition of the abdominal wall, and obtained an excel- 
lent result. Pauchet performed complete resection of the fistula without 
opening the peritoneum, a difficult procedure. 

At present there seems to be agreement that the urachus should be 
completely extirpated, if possible, without opening the peritoneum, but 
usualty the pi'ocedure is intraperitoneal, with protective technic. 
precaution is to close the umbilical orifice before opening the abdomen, 
by means of a purse-string suture. The vesical suture is done accor mg 
to the customaiy rules. A catheter is left in place for from t irce 

five days. _ i 11 not 

The indications for this operation are wide, and one snou ( 

hesitate to apply it in the case of older children and adults. 1 ,’c 

contraindications are ymuthfulness and poor general 
patient or the presence of a high degree of infection. In neu 
infants, spontaneous closure is not unusual. On the other lanc, 
first week of life surgical procedures of any^ kind seem to presen^ . 
tain risk; the indications at this time are for "^’"or measure.?, •‘^uc ^ 
cauterization and disinfection of the fistulous tract with 
dressings. If the orifice closes, it may not present any true so n - 
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and should be watched for possible reopening, in which case an opera- 
tion. perhaps total resection, may be done at a later period. 

PROSTATE GLAND 

Transurethral Resection . — Boyd and Bailey stated that in order to 
discover what tissues are removed at transurethral resection of large, 
benign prostatic growths, and also what reaction takes place in the tis- 
sues about the resected area, they have studied the anatomy of benign 
prostatic hypertrophy. In 4 cases in which the prostate glands were 
large, thev performed transurethral resection, and then after one. two 
and four weeks they performed a suprapubic prostatectomy. In all of 
the cases the bladders were infected, and in 3 of them preliminary 
suprapublic drainage had been instituted. 

The authors stated that observation of these cases led them to believe 
that in transurethral resection for benign hypertrophy of the prostate 
gland, the vesical sphincter is cut or partly removed. Also the muscle 
fibers running to the prostatic urethra from the trigone are cut. and 
their assistance in the performance of voluntary urination is lost. In 
cases in which the bladder is infected there is a marked inflammatory 
reaction about the resected region, altliough suprapubic drainage has 
been established before the resection. The healing of the resected sur- 
face is usually slow, and the cut surface may not heal completely for 
three months. 

Boyd and Bailey further stated that cutting the vesical sphincter 
probably accounts for at least part of the relief from urinary obstruction 
which is generally obtained by resection, in spite of the inflammatory 
reaction which occurs about the resected region and regardless of the 
loss of the assistance which the pull of the trigonal muscle on the vesical 
sphincter offers in voluntar}' urination. They stated that the important 
factor is the knowledge of cutting the sphincter in performing trans- 
urethral resections, and this knowledge will lead to general improvement 
in the results obtained by the operation and will prevent the poor results 
which occur when insufficient tissue is removed. 

Thompson^” stated that the development of transurethral resection 
has greatly reduced the risk of surgical treatment in cases of prostatic 
obstruction. This has been a great benefit to many men suffering with 
enlargement of the prostate gland, particularly to those who are more 
than- 70 years of age, and to those of all ages who are in poor general 
condition. 

39. Boyd, AI. L., and Bailey, M. K. : Transurethral Prostatic Resection in 
Benign Prostatic Hypertrophy, Piedmont Hospital Bulletin, September 193’ 
vol. 6, no. 1. 

40. Thompson. G. J.: Transurethral Prostatic Resection tor Patients in Poor 
General Condition, Proc. Staff Meet., Mayo Clin. 7:513 (Sept. 7) 1932. 
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In llif last year it has heen found possible to remove the prosfatic 
ohstrnction of aped and liandicappcd patients by transurethral operation, 
Many of the patients who were wearing’ suprapubic tubes were recalled, 
and vesical function was restored. Also, men who have required cathe- 
terization se\'eral times daih' over periods of two years or more have 
heen entirely relieved J)y an operation whicli in most cases requires onh 
four days in the hospital. The social and economic aspects of such 
complete relief arc evident. Patients who have gone into seclusion have 
become interested again in human associations and have returned to 
normal ways of living. In some cases they have been able to resume 


their former occupations. . . 

'I'he transurethral operation, properly performed, carries so i e 
risk- that in the Mavo Clinic the surgeons feel justified in performing i 
in all cases e.x'ccpt those in which patients are bedridden or m whicli tne 
value of urea is more than 100 mg. for each 100 cc. of blood. 

In order to have available evidence of the relative sa e y o 
transurethral operation. 25 cases in which it was performe | 

who were more than 70 years of age have been reviewe an 
lo 25 cases in whicli patients of similar age were 
tectomy. There were no deaths among patients w nrnstatec- 

transurethral operation, whereas 4 of those refu 

tomy died. Many of the patients in the formei gro p 

major operation, and those on whom that the 

apparently a good chance for recovery, ler 
patients who constituted the poorest risks w 

urethral operation. hospital e.xpense fo'‘ 

Transurethral operation has greatly redu preliminary 

patients. This, is particularly noticeable in cas postoiicra- 

suprapubic drainage is unnecessary; m suer ca compared 

tive time in the hospital is only nine six-tenths d 3 
,,ith the average of thirtj-two and , 

prostatectomy is performed in one st g • Sp ^,^.^„si,rc(I.ral 

usually required after prostatectomy and rarelj 

'■“tXg time and money is of less 

operative strain and discomfort hydrochloride. I'e"' 

filial anesthesia induced by 50 mg. of P™“'" > , llieni .we 

pLients miss more than one ‘ p ,„„d. 'the day Wlo'”"; 

L and have to be cautioned not to " ^ „ ,toir. The H;' 

the operation instead of barely being aj e patients have bei“ 

death occurred nine months ago, following M P s„l„ 

operated on, and it has not been necessary for any 
sequent prostatectomy. 


4 
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Many men suffering from the discomfort of suprapubic drainage or 
leading a “catheter life” could be relieved iiy this operation, and they 
should be made arvare of the fact. 

Bumpus ■“ stated that the late results of transurethral resection would 
indicate that recurrence of the obstruction even in cases of adeno- 
fibromatous hypertrophy is the exception, for in only 3 of 75 such cases 
was prostatectomy necessary later; in 2 of these it was performed so 
soon after resection as to exclude the possibility of recurrence, indi- 
cating that the faulty results were due to failure to remove sufficient 
tissue. He expressed the belief that adequate removal of all obstructing 
tissue not only is essential to complete elimination of residual urine hut 
is the best insurance of a satisfactory postoperative course, for a raw 
surface at the vesical neck, in the presence of residual urine, is a poten- 
tial source of secondar\' infection. Hence, ever}' effort should be made 
to insure complete emptying of the bladder immediately after resection. 
Bumpus excises the tissue with a tubular knife, used through a modified 
Braasch cystoscope, and controls the bleeding by electrocoagulation of 
the incision both before and after each incision. By this means destruc- 
tion of tissue is kept at a minimum, and healing of these incised areas 
seems to be more rapid than when the tissue is removed by a loop 
electrode. There is the added advantage that any postoperative bleeding 
usually will occur early in convalescence, and will not take place at some 
more distant date, when sloughs from too extensive coagulation come 
away. 

Bugbee stated that with a clearer understanding of the pathologic 
changes of prostatic obstruction and its far-reaching effect on the 
various systems of the body, with the institution of careful study of the 
various bodily functions, especially renal function, with the proper 
preparation of the patient for operation and with the well conceived 
operative technic and postoperative care, prostatectomy for hypertrophy 
has taken a place where it compares favorably with any major operation 
on any similar class of patients who are operative risks. 

The author further explained that with the perfection of the modern 
cystoscope and urethroscope and the use of electrodes capable of carry- 
ing high frequency currents of high potentiality, resection of the pros- 
tate g-land, namely, the removal of sections of tissue of sufficient size 
to relieve obstruction, is possible in carefully selected cases, under si^^bt 
and with the control of hemorrhage. ^ 


41. Bumpus, H. C, Jr.: Results of Prostatic Resection Over a Period ( 
Seven Years, J. A. M. A. 99:1836 (Nov. 26) 1932. 

183?(NofS)^1932' Prostatic Obstruction, J. A. M. A. 9S 
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Kaiiclall ‘ " stated that there arc only tlircc major ])athoIogic entities 
involvinji;- the prostate gland that cause vesical retention and that depend 
on oj)cration for their relief or cure. Tlicse are carcinoma, median 
bars and glandular hypertrophy. 

Knowledge of the pathology of prostatic carcinoma has advanced 
little in the last decade. Microscopicall}', the majority of these growths 
arc true adenocarcinomas, and one startling feature is the early age 
at which some of them arc found. For many 3’cars carcinoma of the 
prostate gland was thought to have its origin primarily in the posterior 
lobe, hut today it is recognized that it maj’ start in, and involve, any 
portion of the gland. Operation docs not seem to effect a cure in nialig- 
nanev of the prostate gland in enough cases to heighten enthusiasm. 
Obstruction in these cases is probably due to phlegmonous induration 
of all structures about the vesical outlet, with hampering of the sphincter 
and trigonal muscles and the recognized narrowing of the posterior part 
of the urethra. Relief of these changes by resection should be consid- 
ered an advantage when accomplished, and palliative to the symptoms 
usually present. 

Median bars are sites of fibrosis, which by inevitable shrinkage cause 
stenosis of the vesical orifice and result in retention of urine and all the 
symptoms of prostatism. All evidence points to this fibrosis as the 
I’esult of prostatic infection of long standing. Residual urine in these 
cases is caused b)'’ hampered function and at times bj' actual fibrosis of 
the trigonal muscle. Relief by operation is understandable, and the 
virtue of resection has been ampl}’’ proved clinically. 

Randall stated that microscopically, prostatic hypertrophy gives 
uniformly the picture of an adenoma which in its growth forms a false 
capsule by pressure from centralized proliferation, and this false cap- 
sule is the line of cleavage Avhich makes enucleation possible. The 
common types of h3^pertrophy 11133^ be presented as follows: 

First, simple h3'^pertroph3^ of the bilateral lobes. Here two glandular 
masses are separately undergoing enlargement. The3'^ are separately 
encapsulated and no matter how large the3'^ grow, they do not show any 
tendenc3'^ to dilate the sphincter or enter the A'^esical cavit3^ C 3 '^stoscopic 


resection would be least likely to succeed here. 

Second, solitary commissural h3'^pertrophy is found. Arising fiom 
the posterior commissural glandular tissue, it assumes increasing s'ze 
and may reach surprising growth without other portions becoming 
h3'^pertrophied. This is one of the two varieties of enlargement of the 
“middle lobe.” Highly obstructive to the function of the trigona 
muscle, its gradual glandular growth is accompanied b3^ h3'pertropi3 


43. Randall, Alexander : The Pathology of Bladder Neck Obstruction, .T. Urol. 
28:509 (Nov.) 1932. 
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of this muscle, as nature’s effort at compensation. These cases aflord 
the so-called “bars due to muscle hypertrophy.” 

Third, the two previous combined types are found, and when com- 
missural hypertrophy is present to cause sphincteric dilatation, the lat- 
eral lobes promptly find room above and characteristically herniate 
themselves through the sphincter and assume intravesical prominence. 

Fourth, the subcervical gland of Albarran may be found as a soli- 
tary hypertrophic growth. It is the second variety of enlargement of 
the “middle lobe.” Submucous in origin, its obstructive virtue 
enhanced by its strategic position, it exhibits the ideal form of mechan- 
ical blockage to emptying of the bladder. 

Finally, growth of subcervical and lateral lobes in unison is seen. 
This also is accompanied by sphincteric dilatation and intravesical pro- 
trusion. Function of the detrusor muscle fails, and it is rendered 
incompetent from both lesions; if the growth is unlimited and gigantic, 
resection is doomed to failure. 

Alcock reported that transurethral prostatic resection offers excel- 
lent vision, the possibility of removing accurately an adequate amount 
of obstructing tissue and an adequate control of hemorrhage. 

Alcock’s report fs based on 175 patients on whom transurethral 
resection has been performed. As this experience covers only ten 
months, it is obvious that nothing can be said about ultimate results. 
No serious effort in the way of follow-up study will be made until at 
least one year has elapsed since resection. The youngest patient was 
53 years of age, and only 5 patients were less than 60. The oldest 
patient was 85 years of age, and 12 patients were more than 80. One 
hundred and three patients (58.8 per cent) were between 70 and 80 
years of age, and 115 (65.6 per cent) were more than 70. The average 
age for the 175 patients was 71.4 years. Fifty^eight patients (33.3 
per cent) had residual urine of 500 cc. or more. Only 3 patients had 
no residual urine, and only 7 had residual urine of less than SO cc. 
Eighty-four (48 per cent) either had complete retention at the time 
of admission or gave a history of from one to several attacks. In 28 
patients (16 per cent) carcinomas were present, and in 147 patients 
benign hypertrophy of different types was discovered. Six patients had 
had prostatectomy performed previously. Eighteen patients had had 
cystostomy. In several cases the cystostomy was performed by Alcock, 
previous to his taking up transurethral resection, and was done as a 
preliminary step to prostatectomy. In the other cases cystostorhy had 
been performed elsewhere. Alcock has not done cystostomy as a pre- 
liminary step to transurethral resection for seven months. 

44. Alcock, N. G.; Ten Months Experience with Transurethral Prostatic 
Resection, J. Urol. 28:545 (Nov.) 1932. 
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'i'licst; ])aticiUs were all preparcfl as though for jjrostatectomy. The 
anesthesia used was either transsacral or spinal block, the latter being 
used in a small ])crcentage of cases; 200 transurethral resections were 
done on the 175 patients, hifteen patients required 2 resections and 
5 i)atients required .5. I'iftecn of these 20 patients were among the 
first 50; of the remaining 5 patients, 3 had carcinoma. 

A casual scrutiny of Alcock’s charts that show the amount of tissue 
removed and the deaths as they occurred in chronologic order reveals 
the fact that the first 50 cases were the most troublesome. Results of 
the first 50 resections were somewhat discouraging. Only very small 
pieces of tissue were removed, and the total amount seemed to be 
entirely inadequate. Great difficult}’ was experienced and much time 
was consumed in controlling hemorrhage. The time required for these 
resections varied from one to two hours, or more. Practically all of 
the patients had postoperative reactions, and in more than 60 per cent 
of the cases the reactions were violent, as manifested by chills and 
a temperature from 101 to 104 F. that lasted from two to five days. 
Many of the patients were extremely sick. Twelve deaths occurred in 
the first 50 cases. 

Alcock stated that the amount of tissue removed has little relation 
to the results attained, and practically no relation to the total size 
of the gland. The secret is not in determining how much tissue can 
be taken out, but rather in determining accurately e.xactly what the 
obstructing part is and then removing that part completely. 

Alcock reported that the time consumed when operating in the first 
50 cases was from one to two hours, or more. That has now been 
cut down ; the resections at present are consuming from twenty-five 
to fift}^ minutes and it is seldom that the patient is on the table for 
more than an hour. 

In Alcock’s experience, hemorrhage was in no case a contributing 
cause to any of the deaths, and in no way affected recovery. In fact, 
he has not noted a hemorrhage that even caused an increase in pulse 
rate. He has not had to open a bladder to stop hemorrhage or been 
compelled to use any form of a bag or even a large catheter. He 
expressed the belief that the resectoscope offers a better chance of 
reaching the bleeding point and controlling it than any form of cysto- 
scope. The secret of controlling hemorrhage is good vision, and good 
vision cannot be had if the hemorrhage is allowed to become too great 
before, it is controlled. Alcock’s rules are these; to continue to cut 
from one area until the hemorrhage begins slightly to interfere with 
vision ; then to stop and carefully search for the bleeding points and 
to check the bleeding of each, one at a time. All bleeding from a 
particular area is controlled before another area is attacked. , 
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Bleeding during the first four or five days following oiieration has 
never been serious. In practically all of the cases there is at least a 
tinge of blood in the draining material, and in some cases considerably 
more than that. After leaving the hospital, several patients have had 
.slight terminal hematuria about two weeks following resection. 

Frequency during the first week or ten days after the catheter is 
taken out is the rule, and is to he e.xpected. The frequency is often 
severe for the first five days : after that it decreases, but continues and 
should be expected to continue to some extent for three or four weeks. 
.-\lcock has not had a case of true incontinence. In many cases during 
the first week, the frequency is so great that it becomes uncontrollable. 
In practically all cases there is some residual urine during the first week 
or ten days after the catheter is taken out. This has varied from a 
few cubic centimeters to as much as several hundred cubic centimeters. 
In some of the first 50 or 60 cases Alcock made a second resection, 
but later he came to believe that this was not necessary, for he 
learned that residual urine will often decrease materially as the days 
go by. 

Alcock stated that sepsis and uremia have been the complications 
most likely to be fatal. Gangrene of the bladder is a complication which 
should be kept in mind and guarded against by being careful not to 
cut too high in the direction of the bladder. Si.x cases of epididymitis 
occurred in 93 cases in which vasectomy was not done. Alcock intends 
to perform vasectomy on every patient as soon as the indwelling catheter 
is inserted in preparation for the resection. 

Kirwin reported on the use of his rotary resectoscope. The intro- 
duction of the new cutting and coagulating current of the McCarthy 
surgical unit enabled him to make use of a rotary' wire electrode which 
simultaneously resects the tissues and seals the severed vessels. The 
electrode of his instrument works by a lever, its rotary motion definitely 
following the contour of the vesical neck, moving from right to left or 
left to right with equal facility. It leaves behind a smooth, cone-shaped 
orifice. Any bleeding point usually can be controlled by pressure on the 
sheath. 

Other important features of Kirwin’s instrument are: the fixed 
position of the rotary electrode w'hile actual cutting is in progress (this 
prevents the loop riding over the tissue engaged in the fenestra instead 
of passing through it) and the small size of the sheath, which does 
not traumatize narrow urethras. Although the fenestra provides 
absolute protection for the vesical mucosa, so that the urologist need 

4o. Kirwin, T. J.: The Evolution of Vesical Neck Resection: Past Results, 
uture Problems, and Use of the Author’s Resectoscope, J. Urol. 28:539 (Nov.) 
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not depend wholly on his skill to avoid in’ercinq^ the wall of the bladder 
01 iirethia, the electiode reaches outsifle the fenestra in its eccentric 
s\\ ingf, making' huger resections possible; the fixation of the tissue to 
be resected permits every section to he brought out as it is cut off, 
keeping the field at all times unobstructed. W ith the instrument as 
it is now, Kirwin has had varying degrees of success and some failures. 
On the whole, the final results have been satis factorv. 

Kirwin stated that the limitations of intra-urethral c.xcision hv 
cautery should be k'cpt constantly in mind. The procedure will never 
entirely replace prostatectomy. An open operation will always be indi- 
cated for the patient in a good general condition who presents marked 
intra-urethral and intravesical protrusion of the lateral lobes and a 
hypertrophied middle lobe. 'When the transurethral route is followed, 
however, exactly the same i')reoperative precautions must be observed. 
The result is identical with that expected from perineal or suprapubic 
prostatectomy; therefore, the preliminary procedures should be the 
same. 

Kirwin stated that 78 patients have now been operated on by this 
method, and 3 deaths have occurred, including 1 from cerebral hemor- 
rhage which took place ten days after resection. 

McCarth}'’ stated that at present the consensus in his department 
at the New York Post-Graduate Hospital is that endoscopic revision of 
an ' obstructing prostate gland should be limited to the correction of 
prostatic fibrosis, the so-called “collar condition,” small and moderate- 
sized middle lobes and moderate-sized combined middle and lateral lobes. 

Patients with infected prostate glands, eA’en those included in the 
category before mentioned, who bleed readily on instrumental examina- 
tion or who manifest pronounced fluctuations of temperature following 
such inspection should be carefull}- scrutinized. The enormous, the 
succulent or spongy prostate gland, the frankl}'' enlarged, readily bleeding 
type and forms of encroachment such as angular conformation or infil- 
tration that inhibit free movement of the instrument should be reserved 
for primary cystotomy and later revision or prostatectomy. 

Up to the present decompression by catheter has been used in most 
of McCarthy’s cases. The few cases in which suprapubic drainage was 
instituted were associated with vesical calculi. In all but the occasional 
case the method of decompression has been tolerated by the patient and 
satisfactory to McCarthy. For the most part the anesthetic used has chiefly 
been procaine hydrochloride, given by the caudal and paravertebral 
routes, and supplemented with urethral instillations of piperidinopro- 
panedial diphenyl urethane (diothane). McCarthy feels that canalization 

46. McCarthy, J. F. : A Technical Consideration of Endoscopic Revision of 
the Obstructing- Prostate, J. Urol. 28:519 (Nov.) 1932. 
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or tunneling ot the urethra from the internal sphincter immediately 
posterior to the verumontamim, in other words an exaggeration of the 
normal tubular character of the deep urethra, should he sufficient. 

After resection McCarthy advises u>ing a numlier 24 French whistle- 
tip soft rubber catheter for drainage. The rule is to use the smallest 
possible soft rubber catheter for decom])ression and the largest jiossible 
whistle-tip catheter for jiostojierative drainage. -Xny interruption in 
drainage must be immediately corrected. 

McCarthy’s objective in the arrest of bleeding incidental to revision 
is that it is to be effected with a minimal amount of coagulation. To 
that end, perfect visualization is a necessary prerequisite. Thus, one 
can see a bleeding point and. however active it is, coagulate precisely 
at this point and not at the e.xpcn.^c of the adjacent tissue. Not only 
to coagulate every bleeding point but to blanch every blush is his rule. 

Cecil presented a new electrical instrument for relieving obstruc- 
tions at the vesical neck. The cutting system consists of a hinged bar 
that is permitted to penetrate the neck of the bladder after introduction 
of the instrument. Continuous irrigation is maintained, which permits 
visualization. The current is turned on by means of a foot switch. 
The bladder is filled with about 200 cc. of fluid. Tlien, with continuous 
irrigation, one observes the vesical neck through the cystoscope. causes 
the knife to project and passes the instrument backward and forward 
until it passes through freely. 

Cecil has found this instrument useful in the treatment of hyj)er- 
trophy of the prostate gland, of contracture at the vesical neck, of 
carcinoma of the prostate gland and of the various combinations of these 
conditions. Whether it is applicable to any given case must be deter- 
mined by the operator after a thorough urologic examination. 

Carcinoma . — Caulk and Boon-Itt reviewed 222 cases of carcinoma 
of the prostate gland. They stated that chronic inflammation of this 
gland may be a predisposing cause. The cautery punch operation in 
conjunction with the use of radium and roentgen rays is their method 
of choice for relieving obstruction and for retarding the progress of 
the disease. In 72 per cent of the cases there was relief of obstruction. 
Twenty-nine per cent of the patients lived or are living more than three 
years, and 10 per cent more than five years after operation, which is 
a longer period than that afforded by prostatectomy. 

The mortality from the operation, regardless of the fact that it was 
done m many cases on extremely ill patients, for whom prostatectomy 

47. Cecil, A. B.: A New Instrument for the Endovesical Treatment of 
J^rostatic Obstruction, Urol. & Cutan. Rev. 36:194 (March) 1932. 

48. Caulk, J. R., and Boon-Itt, S. B.: Carcinoma of the Prostate Am T 

Cancer 16:1024 (Sept.) 1932. ’ 
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would not havo boon considered, is 2.5 ])er cent, whereas the mortality 
rate from ])rostatectomy in the authors’ clinic is 17 per cent. With 
this treatment, it has not been necessary for patients to stay in the 
hospital as long as for i)rostatectomv. 

Caulk and Boou-Itt further stated that the punch operation affords 
a definite means of accurately diagnosing carcinoma of the prostate 
gland in SO j)er cent of all cases, earh- or late, which indicates that the 
disease, even in ap])arently early cases, is j)resent throughout the sub- 
stance of the gland. 

herguson reported that it is shown that carcinoma may and does 
arise in aiw portion of the prostate gland or its accessory lobules. 
Three clinical types of carcinoma of the prostate gland are described. 
Each tvjjc is characterized by its own clinical syndrome, pathologic 
features and prognosis. I-’ain, he stated, other than that due to urinary 
obstruction or metastasis to hone, is held to he pathognomonic of lym- 
phatic extension, especiall}’ in the perineural lymphatic glands. He urged 
that the end-results of treatment should be evaluated on the basis of 
the clinical classification of the disease. Pie stressed the value of aspira- 
tion biopsy in the determination of radiosensitivity. He is of the belief 
that the selection of treatment is important, and that the effects of 
irradiation on the tissues of the tumor and adjacent structures should 
he considered. 

TESTIS AND EPIDIDYMIS 

Tumors of Testis. — McClure, Sanguinetti and Carlton con- 
sidered the radical operation and the interesting microscopic features 
in 2 cases of malignant disease of the testis. For many years the majority 
of testicular tumors were labeled sarcomas, and because of transmission 
of this type of tumor by the blood stream no consideration was given 
to an operation which would insure the removal of the lymphatic-bearing 
tissue. With the recognition of the carcinomatous nature of practically 
all malignant tumors of the testis, the problem was changed, and the 
principles were applied which gOA^ern the surgical treatment of carci- 
nomas in other regions. 

The first patient, aged 28, complained of a painless enlargement of 
the right testis of six weeks’ duration. Following orchectomy a diag- 
nosis of malignancy was made, and one month later the radical operation 
Avas performed, Avith resection of the region of lymphatic spread up 

49. Ferguson, R. S. : Cancer of the Prostate ; Stud}' of Clinical Classification 
and of EflFects of Treatment by Irradiation, Am. J. Cancer 16:783 (July) 1932. 

50. McClure. J. ; Sanguinetti, H. H., and Carlton. C. H. : The Pathology, 
Diagnosis and Treatment of Two Cases of Malignant Disease of the Testicle, Brit. 

J. Urol. 4:217 (Sept.) 1932. 
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to the renal vessels. 'I'he \)alient was alive aiul well twenty-one months 
after operation. 

The second patient, a.^ed 29. received an injnr\‘ to the rii'ht testis 
three months before the radical operation had been iierformcd for a 
malignant condition. Xo metastasis was demonstrable grossly, although 
what was taken to he a simple cyst of the cord at operation was showti 
to be a metastatic deposit in a lymph node. This patient died six months 
later; a large mass was found in the ahdmucn. 

j\Iicroscopically. both of these tumors proved to he teratomas. How- 
ever. in the second tumor the authors found, at the upper pole and 
distinctly se])arated from the tumor j)roper. which contained tridermic 
structures, a transition of the normal seminiferous tubules into the 
structure of a spermatocytoma or seminoma, sejxirated by an imperfect, 
thin, fibrous capsule from the surrounding normal tissue. The transition 
from normal adult seminiferous tubules to malignant tissue was easily 
traced. 

The authors apply the.‘-e observations to a consideration of the diver- 
gent opinions as to the pathogene.sis and classification of tumors of the 
testis. 

[Compilers’ X'Ote. — Following the radical operation, the absence 
of demonstrable metastasis in the lymph-bearing area, carefully and 
completely removed up to the renal pedicle, is no guarantee against 
recurrence even after five years. A radical operation was performed 
for removal of an embryonal carcinoma of the testis (seminoma) ; care- 
ful and complete serial sections of the removed tissue did not disclose 
secondary invasion. A. course of high voltage roentgen therapy was 
given, and the patient was alive and well seven years after the operation 
without demonstrable recurrences. However, the following year he 
died with a mass in the epigastrium which at necropsy proved to be 
metastasis in the preaortic nodes, at the level of the celiac axis. The 
region below the renal pedicle was free from metastasis and there was 
no local recurrence. 

The radical operation is not so much a formidable procedure as it 
IS inadequate, and it would seem that reliance will have to be placed 
on early diagnosis and orchectomy in the hope that secondary invasions 
have not occurred, or if they have, that thej'^ may be controlled by high 
voltage roentgen therapy.] 

Ross stated that 131 cases of tumor of the testis have been reporteil 
m which tissue morphologically identical with chorionepithelioma of 
the uterus has been found. These tumors are of further interest because 
m some cases they are associated with activity in the breast of the 

(.lubvM9P ^ Chorionepithelioma of the Testis, J. Path & Pact. 35 -.36.3 
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male, and rcccnlly cashes have been reported in wliich the Aschhciin- 
Zondek reaction has been positive. 

Ross described a case in wliich pulmonary metastasis consisted of 
tissue morphologically identical with ti’pical chorionepithelioma. The 
primary tumor was largely necrotic although small. The origin of 
syncytium and Langhans cells in the abdominal metastasis could be traced 
to small, cubical, darkl}' staining cells, which also gave rise to carcinoma- 
tous tissue and were found in blood vessels, hanphatic structures and 
the peripheral sinuses of lymph nodes. These cells gave rise to columnar 
ejiithelium and other structures in the cervical nodes. Ross concluded 
that the formation of chorionepithelioma of the testis is the expression 
of a process of specific partial differentiation of these pluripotential cells. 

Peirson stated that 46 cases of bilateral malignant tumors of the 
testis have been reported in the literature. Peirson has added another 
case. Treatment was by castration and prophylactic irradiation, and 
for three years and two months, which was up to the time of writing, 
the patient had remained free from metastasis. In this case castration 
produced few changes, with no loss of libido or potentia; this is often 
the case when the operation is performed on an adult. 

Tumor of Epididymis. — Eisenberg, Simons and Wallerstein 
reported a case of spheroidal cell carcinoma of the epididymis. It is 
the third case to be described. The tumor, grossly and microscopically, 
is identical with the’ neoplasm of the same name that appears in the 
testis. In using the term spheroidal cell carcinoma, the authors avoided 
the controvers)^ as to the origin of this tumor implied in the terms 
seminoma and embryonal carcinoma. From their experience, they 
stated that the Aschheim-Zondek reaction is a r^aluable aid in the prog- 
nosis of spheroidal cell carcinoma of the testis and epididymis. 

[Compilers’ Note: It is of interest that the Aschheim-Zondek reac- 
tion is positive in some cases of tumor of the testis or epididymis. 
Recently this reaction was found positive in several cases of chorion- 
epithelioma of the testis. On this basis, it was held that there was a 
physiologic equivalency of the two tumors, chorionepithelioma of the 
testis and of the uterus. Later, Aschheim found a postive reaction in 
a case of tumor of the testis in which a chorionepithelioma could not 
be found. Apparently this reaction is of more aid in suggesting malig- 
nancy than in indicating an}'^ specific type of growth.] 

52. Peirson, E. L., Jr.: A Case of Bilateral Tumors of the Testicle, With 
Some Notes on the Effect of Castration of the Adult Male, J. Urol. 28:353 (Sept.) 

1932. _ 

53. Eisenberg, A. A.: Simons, Irving, and Wallerstein, Harry: A Case o 
Spheroidal-Cell Carcinoma (Seminoma) of the Epididymis, Am. J. Cancer 16 . 
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IKKTIIKA 

Iiifcclion . — Sallcrns ■ ' rciK)rlt.-(l a case of perivesical abscess following 
ru])tuve of the posterior ])art of the urethra two years ])revious to obser- 
vation. The patient had received a blow on the perineum, after which 
he had observed a few drops of blood issuing from the urinary meatus. 
Five hours later he could not urinate, and was cathelerized. Three 
days later another attack of retention occurred, with a heavy chill fol- 
lowed by fever. Since then he had had no similar attacks, hut he began 
to suiter with incontinence after six months, and oijscrved that the 
urinary stream grew constantly smaller, until almost complete obstruc- 
tion had developed. The hypoga.stric region was greatly increased in 
size, with a tumefaction reaching from the sym])hysis pubis to the 
umbilicus; the swelling was round, smooth and uniform, hard on pal- 
pation and dull on percussion. Tlic uretlira admitted only a filiform 
bougie, and catheterization cau.«cd scarcely any decrease in the size of the 
tumor. The cy.stogram revealed a typical “old ihan's bladder,” although 
the patient was onlv 21 years of age. The opaque substance presented 
a festooned outline all around its perimeter, of irregular shape and with 
no contact with the hones of the pelvis or any sign of rupture or luxa- 
tion of these. The senile appearance was caused by the presence of an 
abundance of cellules or diverticula and columns. The lateral oblique 
view also gave evidence of a goodly space separating the organ from 
the symphysis pubis. 

The history of an old rupture, dysuria, urinary obstruction, incon- 
tinence and elevation of temperature pointed to a vesical phlegmon, but 
It was thought possible that the condition was a connective tissue tumor. 
On opening the abdomen by vertical and transverse incisions, with a 
view to exploring the bladder, an abscess was revealed that contained a 
large quantity of thick pus ; it was of hard, woody consistence and occu- 
pied almost the entire pelvic cavity ; this was drained. 

Surgical intervention clarified the diagnosis : the urethrorrhagia dem- 
onstrated the rupture of the posterior urethra, for only thus could the 
perivesical hematoma be produced, since it is known that hematomas of 
the anterior urethra are periurethral. If it is assumed that rupture 
of the posterior urethra occurred, the perivesical hematoma following 
was the immediate consequence, and infection was shown by the chills, 
high temperature and retention three days later. The infected hematoma 
then became organized around the bladder. Traumatic stricture fol- 
lowing the rupture explained the incontinence of urine on the basis of 
residual urine and overflow, a symptom that dominated the picture for 

54. Salleras, J. : Flemon lenoso perivesical, secundario a ruptura de uretra 
posterior. Rev. de especialid. 6:1070 (Nov.) 1931. 
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ciyiitccn iiioiitlis ; at the ciul f)f this period, reactivation of the infectious 
j)rocess occurred, witii fever, a rapid increase of the inflammatory peri- 
A’c.sical tumor anri a poor {general condition. Operation made it possible 
to follow the distinct pliases of the process up to the formation of the 
ahsce.ss, which was tlicn di.scovered. 

Liherson stated that tlie painful lieel noted in gonorrheal infection 
is due to both bony exostosis and the infiltration of soft tissue over it. 
Of 924 patients with infection admitted to the United States Marine 
Mospital during a j)eriod of four years, more than 3 per cent of these 
with complications had gonorrheal periostitis, with or without active 
infection in the genital tract. 

Surgical treatment for gonorrheal exostosis is not entirely satisfac- 
tory on account of the prolonged prcoperati\-e and com'alescent period 
and the frequency of recurrence. Local high voltage roentgen therapy, 
simultaneous with general measures to cure the gonorrheal infection 
when present, shortens the average stay in the hospital and produces a 
more permanent result in a larger number of cases. 

UROGRAPHV 

Moore stated that pycloscopy, in combination with serial pyelog- 
raphy, represents the best means of obtaining an accurate estimate, 
roentgenological ly, of the condition of the upper part of the urinary 
tract. The serial pyelograph has the following advantages: It is inex- 
pensive, interchangeable with the Bucky diaphragm tray and adaptable 
to most of the Bucky diaphragms now in use. Moore stated that in 
a review of 211 cases its use was shown to enhance greatly the proper 
interpretation of pyelograms. Evidences of motility in the calices, 
pelvis and ureter are easily demonstrated. Constant filling defects from 
shadowless obstructions are more apparent, and the identification of 
suspicious shadows is facilitated. There is also evidence with this 
method that the obstruction often noted on the passage of a bulb 
through the ureter and the “hang” felt on its withdrawal are often 
caused by local spasm rather than by stricture of the ureter. 

Herbst reported the effect of renal sympathectomy on the motilit) 
of the upper part of the urinary tract as observed b}" means of urograph} 
and pyeloscopy. The indications for renal s 3 nnpathectomy are reflex 
anuria, nephralgia, early renal tuberculosis, the prevention of reforma- 

55. Liberson, F. ; Deep X-Ray Therapy in the Treatment of “Painful Hec) 
with Report of Thirtj'-One Cases, J. Urol. 28:105 (JubO 1932. 

56. Moore, T. D. : The Value of the Serial Pyelograph in Diagnosis, J. Urol. 
28:437 (Oct.) 1932. 

57. Herbst, W. P. : Pyeloscopic and Urographic Study Before and After Rena! 
Sympathectomy, J. A. M. A. 99:2004 (Dec. 10) 1932. 
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tion oi renal calculi, certain tyjies of nephriti«. acute hypertension, renal 
sympathicotonia, painful hyperdynamic motility of the renal pelvis and 
painful nephrojitosis. I’yeloscopy is, at present, the most satisfactory 
means of studying the myoneural dynamics of the upper part of the 
urinary tract in all such ]iainful conditions. 

Herbst described a jiainfiil abnormal motility syndrome which he 
called hyperdynamic motility of the renal ])elvis which is relieved only 
by renal sympathectomy. Sym]iathectomv changed the mechanism from 
one of hyperdynamic motility to one of abnormally decreased activity. 
The decreased motility continued only about eight months, at which 
time hypermotility reappeared. The observations were interj^reted to 
indicate that the interrujjted nerve jiaths were beginning to be reestab- 
lished. In this case the resumiition of the hy])eractivity had not been 
accompanied b\’ recurrence of pain. 

The fact that recognition of various painful abnormal motility syn- 
dromes by pyeloscopy is practical will make the classification of painful 
renal conditions more accurate and should result in a more widespread 
utilization of this valuable aid in diagnostic roentgenology. 

Wesson stated that a comparison has been made of the relative 
merits of skiodan iopa.x and an iopax derivative. The last-mentioned 
preparation was found to be most satisfactory because of the sharpness 
of the pictures, the absence of untoward reactions and the ease of 
administration. The best pictures obtained with the iopax derivative 
were usually made after five minutes. 

In the majority of cases of pyelitis in infancy, intravenous injec- 
tions were found to be valueless because there was no excretion of the 
medium. Intravenous urography should be the first diagnostic pro- 
cedure in cases in which rupture of a kidney, ureter or bladder is 
suspected. 

Wesson stated that in cases of chronic ureteral stones that partially 
block the ureter, a well outlined pelvis secondary to stasis and a varying 
grade of hydronephrosis is shown. A ureteral catheter in the pelvis 
may cause inhibition of secretion of the intravenous medium. Intra- 
venous urography is merely one diagnostic procedure, and the findings 
should be checked, as far as possible, by retrograde methods. This 
procedure has, more or less, restored a large field of medicine to the 
general practitioner, but it must be realized that the procedure is just 
another diagnostic adjunct, and that the urologist must still be depended 
on for the final diagnosis. 

58. Wesson, AI. B. : Intravenous Urography : A New Diagnostic Procedure 
tor the General Practitioner, Urol. & Cutan. Rev. 36:296 (May) 1932. 
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Cuinminff aiul Jarre'’” .stalefi that roentgen signs of infections of 
the urinary tract have been arranged to parallel, as closely as possible, 
tlie logical sequence of the classification of infections. Their reports 
arc based on data accunnilatcrl over a pcriorl of three years of study 
with the Cincx camera of Jarre. 

J he authors concluded from their exi)erieucc that the transport 
mechanism of the upper part of the urinary tract, and even of the blad- 
der, has been shown to conform to a regular physiologic order of 
peristaltic emptying. It is dependent on innervation of both extrinsic 
and intrinsic origin. 'I'he renal pelvis, its calices acting more or less 
independently of one another, contracts segmentally, the pelvis itself 
contracting and resting in true systole and diastole. The ureter contracts 
in orderly fashion, there being tbrec main segmental units. These arc 
regularly affected by disease processes, as arc the integral parts of the 
pelvis itself. Acute infections of the mucosal structures arc irritative 
first and paralytic later, and gradually, in chronic stages, tend to produce 
atou}'. Edema of the mucosa of the urinary tract causes poor delinea- 
tion of the borders of calices, ])clvis and ureter, especially in intravenous 
urographic examinations. 

The various types of infection of the upper part of the urinary 
tract manifest thcmsch’cs from the standpoint of roentgen ray observa- 
tions in certain more or less fixed deviations from what has been estab- 
lished as normal physiologic activity. Various types of infection give 
evidence of no differentiating urographic symptoms. 

Resection of the Prcsacral Nerve . — Eoulds stated that the recent 
advances in surgery of the sympathetic nervous system have been applied 
to diseases of the urinary bladder. Knowledge of the exact anatomy 
of the nerve supply and the neurophysiology of the bladder has been 
limited until the anatomic studies of Latarjct and Bonnet in 1913 and 
later of Laux, Fieri and others. Learmonth has recently applied the 
anatomic data of these French investigators clinically to the relief of 
some of the forms of neuromuscular dysfunction of the bladder. 

The bladder and its sphincters receive their nerve supply from tlncc 
sources ; first, the hypogastric nerves, the thoracolumbar outflow of the 
sympathetic system through the prcsacral nerves whose division con- 
stitutes the hypogastric nerves ; second, the pelvic nerves or nervi ei i- 
gentes, the sacral autonomic fibei's, and third, the pudic nerves fiom 
the somatic centers in the sacral part of the cord. 

59. Gumming, R. E., and Jarre, H. A. : Roentgen Symptomatology of Infected 
Urinary Passages in Combination with a Classification of Urinary Tract Infection.. 

J. Urol. 28:455 (Oct.) 1932. ^ . 

60. Foiilds, G. S.: Resection of the Prcsacral Nerve in Urological Cases, >ri ■ 

J. Surg. 20:139 (July) 1932. 
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Micturition involves a diphasic neuromuscular mechanism ; the phase 
of filling, which is involuntary and requires relaxation of the bladder, 
Avith contraction of the internal sphincter, and the phase of emptying. 
Avhich is under voluntary control and involves contraction of the vesical 
muscles or detrusor fibers and relaxation of the sphincter. 

The. phase of filling is dependent on motor impulses through the 
hypogastric nerves which produce a contraction or state of tonus in the 
sphincter and inhibitor}' impulses to the A'esical muscle. The hypogastric 
nerves also carry* afferent fibers to the bladder, which transmit sensory 
impulses, chiefly those of overdistention, Avith suprapubic discomfort. 
The emptying or detrusor phase of A'esical action is under the control 
of the pehne nerA'es (nerA'i erigentes), Avhich carry efferent motor stimuli 
to the detrusor muscles and motor inhibitory impulses to the internal 
sphincter. These nerves also carry a large proportion of the sensory- 
fibers from the bladder. The pudic nerves carry motor impulses to the 
compressor urethral muscles and sensory fibers to the deep urethra. 

In cases of neuromuscular dysfunction of the bladder in AA'hich there 
is imbalance betAveen the sacral autonomic and sympathetic outfloAV, the 
latter may be disconnected by section of the presacral nerve. It is 
accessible at the point Avhere it crosses the left iliac vein. 

Fieri A\'as the first to point out the possibility- of relicA-ing pain, in 
some vesical lesions, by this operation. Learmonth has reported 4 cases 
in AA'hich relief Avas obtained by operation*, in 3 rases for panmural 
ulcerative cystitis and in 1 case for tuberculous cystitis. Not only is 
there relief of pain, but the vasodilatation may produce a curative effect 
on the vesical lesion. Learmonth has also reported 2 cases of sympa- 
thetic-parasympathetic imbalance due to lesions of the cord beloAv the 
origin of the sympathetic outfloAv, Avith spasm and overaction of the 
internal sphincter, in Avhich good results Avere obtained bA' presacral 
neurectomy. 

Foulds reported a case of this type. His patient had a fracture 
dislocation of the second lumbar A'^ertebra Avith residual urine, inconti- 
nence and inability to empty the bladder except bv action of the acces- 
sory muscles and pressure oA-er the loAver part of the abdomen. 

Transmission of detrusor impulses through the pelvic nerves Avas 
not rendered completely impossible, as Avas indicated by the returning 
poAver of erection and the possibility of some sphincteric relaxation 
if enough time Avas taken. HoAvever, the “brake” action of the sympa- 
thetic nevA-es Avas too strong for the weakened detrusor forces of the 
sacral autonomic impulses. 

Section of the presacral nerA-e Avas followed bv relief of suprapubic 
discomfort Avhen the bladder Avas distended, by gradual reduction of 
the quantity- of residual urine to 60 cc. and by elimination of overflow 
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incontinence. J Jicre w;i.s some Joss of s[)Ijinc(cnc control wliich was 
exercised entirely l)y the externa] sphincter, but this could be regulated 
b}- care. 

[CoMi’ii.i'.us’ Noth. — Elaut has recently made an exhaustive study 
of tile anatomy of the presacral nerve. He has found that it is never 
presacral ’ but “prelunihar” because it divides, shortl}’’ after its- origin, 
at tlie aortic bifurcation, into the In-pogastric nerr'es which run to the 
side wall of the pelvis and which are always distinct entities at the 
level of the promontory of the sacrum. Sometimes the right hypogastric 
nerve may cross the concave surface of the sacrum, but the so-called 
jn-csacral nerve itself never does. It is exceptional to find a true nerve, 
and in a high percentage of cases it is mereh' a ple.xus. In 8 per cent 
of cases, the pelvic mesocolon is inserted exactly in front of the interiliac 
trigone, so that the nerve cannot be reached by simple incision of the 
peritoneum. In such cases the chief branches of the inferior mesenteric 
artery must be moved to the left so as to expose the triangular space 
between the two common iliac arteries.] 

ENURESIS 

Campbell stated that there are man}- definitions of enuresis. His 
definition is the unintentional or involuntary nocturnal or diurnal urina- 
tion in the absence of demonstrable uropathy. This includes only the 
so-called functional cases. 

In a series of 249 children, 4 years of age and older, whose condition 
had been diagnosed enuresis and for whom physical therapy or psycho- 
therapy had failed, complete urologic examinations were carried out. 
Normally, control of the bladder should be established by the age of 
2]/2 years, and with few exceptions children of this age should go all 
night without urination. 

Campbell carefully noted the amount of i-esidual urine. It is one 
of the most important findings in this series, and a point which has not 
been emphasized by other observers, that residual urine is commonly 
present among patients with enuresis. Residual urine was found m 
16 per cent (40 cases, or in a ratio of 1:6), and varied from 10 cc. to 
more than 300 cc. The average amount was between 25 and 45 cc. 
With this residual urine the neck of the bladder is continually irritated, 
and less filling of the bladder is required to cause the conscious desire 
to void. Injury to the upper part of the urinary tract by back-pressure 

61. Elaut, L. ; Surgical Anatomy of So-Called Presacral Nerve, Surg., Gjnec. 

& Obst. 55:581 (Nov.) 1932. 

62. Campbell, U. R: Enuresis: Its Urologic Aspect.s, J. Urol. 28:255 (Sept.) 
1932. 
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reeularlv occurs with intravesical obstruction and residual urine; its 

o * 

effect on the kidney is of prime concern. 

Campbell stated that the next procedure in the investigation is 
cystometry. A small catheter is introduced into the empty bladder and. 
through a three-way stopcock, is connected with a graduated reservoir 
on the one hand and a manometer on the other. Definite volumes of 
fluid (potassium permanganate) arc introduced into the bladder and 
the intracystic pressure is recorded. In his experience with cystomctric 
studies of 172 patients with enuresis, only now and then did he find 
the observation of diagnostic aid. In iialf of the cases cystomctric 
values were normal, in a fourth they were indicative of a hypertonic 
state, and in a fourth, of a hypotonic state. 

A plain roentgenogram of the genito-urinary tract is made for pos- 
sible shadows of stones hut more particularly for spinal defects, notably 
spina bifida (occulta) which is said to be of unusually high incidence 
among children with enuresis. Among 237 cases, 201 of the roentgeno- 
grams gave evidence of a normal condition; 34 (14.3 per cent) of spina 
bifida occulta and 2 of sacral deformity. In 1 case, congenital sacral 
deviation to the right was accompanied by motor and sensory loss of the 
sacral nerves, with vesical and rectal incontinence. Following a plain 
roentgenogram, a cystogram was made by filling the bladder to the point 
of moderate distention with a radiopaque solution. The child was then 
subjected to cystoscopy. In 85 per cent of these cases, examination 
was performed wdthout general anesthesia. Cystoscopic examination 
disclosed practical!}- every known lesion of the urinar}'^ tract : stone, 
tuberculosis, all gradations of cystitis, prostatitis, verumontanitis, infec- 
tions of the upper part of the urinary tract, neuromuscular disease of 
the vesical outlet, congenital contracture of the vesical neck, posterior 
urethral valves, urethral stricture and many others. Congenital atresia 
of the meatus is the most common stricture, and in a large number of 
cases has been found to be the entire cause of enuresis. Frequently, 
the tight meatus becomes ulcerated. Regularly, there is urinary back- 
pressure behind the obstruction, sometimes with considerable injury of 
the proximal channels, especially the bladder. Campbell stated that he 
had not observed enuresis due to phimosis, but that several children 
had been seen in wdiom enuresis followed circumcision — unquestionably 
a psychic disturbance. 

Among girls, a high incidence of urethrotrigonitis has been found, 
involving the posterior part of the urethra and the anterior part of the 
trigone. The mucosa is intensely congested, often granular and not 
infrequently edematous. The condition usually responds admirably to 
tie treatment employed for women, namely, urethral dilation and 
the application of silver nitrate, either topically or by catheter. 
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CanopbeJl coiiclticlcd that in most cases treatment is based on the 
urologic diagnosis; sometimes radical operation is required. By these 
various urologic tbcrapcutic procedures, further destruction of the 
urinar}' tract can be prevented, and often underlying disease is cured; 
incidentally, the enuresis ceases. One may be'-assured that when there 
is no demonstrable pathologic change in the urinary tract, normal vesical 
control will be established ultimately. 

INFLUENCE OF GYNECOLOGIC CONDITIONS ON THE GENITO- 

UKINARY TRACT 

Stein and Rodgers stated that roentgenologic examinations were 
undertaken with the idea of demonstrating, if possible, a relationship 
between changes along the urinary tract of women which are based on 
pathologic conditions, such as fibroid tumors or ovarian cysts arising in 
the pelvis. To accomplish their purpose, the}- decided on simultaneous 
intravenous injections of skiodan and transuterine injections of iodized 
poppy seed oil 40 per cent. 

The cases in which examination has been made thus far can be 
classified in two groups: those of pregnancy and those of pathologic pelvic 
tumor. In 11 cases injection was by this method ; 5 of the patients were 
pregnant, and the period of gestation varied from, six weeks to six 
months. In all cases sf pregnancy, even as early as six weeks, there is 
dilatation of both ureters, this dilatation increasing with the period of 
gestation. On the other hand, with uterine myomas of a corresponding 
size, similar dilatation of neither the renal pelves nor the ureters was 
found. Stein and Rodgers state their belief that dilatation of the ureters 
in pregnancy is a purely physiologic process, Avhereas a pelvic tuifior of 
a corresponding size, whether fibroid or cystic, is incapable of producing 
a similar dilatation by mechanical means alone. 

63. Stein, Arthur, and Rodgers, ]\lortimer: The Influence of Gynecological 
Conditions on the Genito-Urinary Tract as Shown by Simultaneous Injections of 
Skiodan or Uroselectan (Intravenously) and Lipiodol : Preliminary Report, Surg., 
Gynec. & Obst. 55:490 (Oct.) 1932. 
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and interpreted as I)eing of inflammatory origin. He described a pro- 
gressive lesion, most commonl)' fonnd in asylum material and associated 
with cerebral atrophy, in which the formation of a very vascular sub- 
dural membrane was ajiparentl}' followed Iw eccliymoses and subdural 
hemorrhag'e. 1 his membrane varied in lliickncss, but typically measured 
a few millimeters and showed lamellations of blood clot on its inner sur- 
face in the more clironic cases. Virchow did not present comparative 
studies of traumatic subdural hematoma, which he recognized chiefly 
in the new-born, but thought that it Avas unlikely for a primary hemor- 
rhage to produce the pathologic condition described by him. 

This concept of the spontaneous inflammatory origin of such senile 
hemorrhagic subdural membranes gained wide acceptance and still 
serves to diflerentiatc pach3'meningitis interna hemorrhagica from 
traumatic clironic subdural hematoma (Dand}'®). A comparative study 
of the two membranes was made bv Putnam and Cushing,^ who 
described an essentiallA' A'ascidar t3'pe and a reactive t3’pe of membrane 
in which “the gross appearance of these two forms is practicalh" iden- 
tical and the microscopic pictures so similar that the3" are easily con- 
fused.” The chief histologic diflference Avas the presence of large 
mesothelial-lined spaces in the traumatic membrane and of larger thin- 
AA’alled blood vessels in the spontaneous membrane. 

The recognition of trauma as a cause of chronic subdural hematoma 
dates back to early re]iorts (Schuberg *®), although its significance Avas 
often overlooked owing to dela3'ed S3anptoms, and traumatic cases 
undoubtedly AA^ere included in descriptions of the spontaneous form. 
Brion,^^ Bowen.^- Kaseme3'er,^® and Henschen made notable con- 
tributions to the incidence and s3'mptoms of traumatic subdural hemor- 
rhage. A number of writers, (Baillarger,*® HevAutt,^® Sperling,^' Hue- 

10. Schuberg, W. : Das Haemtaoma durae matris bei Erwachsenen, Virchows 
Arch. f. path. Anat. 16:464, 1859. 

11. Brion, W. : Die operative Behandlung der intraduralen Blutungen trauma- 
tischen Ursprungs, Inaug. Diss., Strassburg, 1896. 

12. Bowen, W. H. ; Traumatic Subdural Haemorrhage, Guy’s Hosp. Rep. 59: 

21, 1905. 

13. Kasemeyer, E. : Ueber post-traumatische Pachymeningitis unter dem Biede 
der post-traumatischen Neurose und fiber deren unfallgerichtliche Bedeutung, Fried- 
rich’s BI. f. gerichtl. Med. 62:293, 339, 401, 1911. 

14. Henschen, K. : Diagnostik und Operation der traumatischen subduralen 
Blutung, Arch. f. Win. Chir. 99:67, 1912. 

15. Baillarger, M. ; Du siege de quelque hemorrhagies meningees, These de 
Paris, 1837. 

16. Hewitt, P. : On Extravasations of Blood into the Cavity of the Arachnoid, 

Tr. Med.-Chir. Soc. London 28:45, 1845. 

17. Sperling, H. : Ueber Pachymeningitis haemorrhagica interna, Inaug. Diss., 
Konigsberg, 1872. 
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genin/s WigleSAvortli and Robertson -®) questioned tlie primary inflam- 
mator}' origin of the membrane in the spontaneous form and believed 
that it was the result of primary extravasation of blood into the sub- 
dural space. The cause of this bleeding was variously attributed to 
venous congestion, “dry-cupping” from cerebral atrophy, degenerated 
blood vessels and various systemic conditions or diseases of the blood. 
The source of the bleeding in traumatic subdural hematoma was thought 
to' be tom meningeal vessels, supplemented by later bleeding from the 
lining membrane, to account for its chronic and recurrent course. 

A most illuminating paper on the subject of traumatic subdural 
hematoma and its relation to pachmieningitis hemorrhagica by Trotter 
appeared in 1914, which, as stated hy Cushing,^ almost had escaped 
attention during the period of the war. And even in this compreliensive 
paper by Putnam and Cushing,^ it does not seem that enough attention 
was given to Trotter’s statements concerning the source of the hemor- 
rhage. Since these statements can hardlj' be improved on, and apply 
particularly to case 1 of this report, it may be permissible to quote at 
length : 

It is nearly certain that the cerebral veins passing from the brain to the tribu- 
taries of the superior longitudinal sinus are always the source of the blood. They 
are short trunks passing direct from brain to dura nearly at right angles to each. 
Such a vein has its cranial end firmly fixed by the rigid dura, while its cerebral 
end is attached to the comparatively movable hemisphere. Between these two points 
the vein passes directly, with no tortuosity to allow for possible movement of the 
brain. The morbid anatomy of contusion by contre-coup shows that considerable 
movement of the brain is possible within the skull as the result of external violence. 

It is, however, characteristic of chronic subdural hemorrhage that the history 
of injury which has preceded the development of symptoms is usually not a strik- 
ing feature of the case, and may be withheld unless specifically inquired for. Severe 
violence is not the kind of injure' we should expect to produce the required lesion, 
enz., the uncomplicated rupture of one or two delicate veins. Such a trauma would 
be liable to complicate the condition with gross laceration or contusion of the brain, 
and produce conditions antagonistic to the slow or intermittent oozing, required. 
On the other hand, comparativeb' slight violence favourably directed to produce an 
adequate displacement of the brain and nothing else, would give just the necessarv 
conditions. It is obvious that the falx protects the brain from transverse displace- 
ment at the very place where it is most necessary to avoid displacement ; at the 
same time, anteroposterior movement is not equally guarded against, and there can 

18. Huegenin, O.; Inflammation of the Dura l^Iater, in von Ziemssen, Hugo 
Wilhelm; Cyclopedia of Practice of Medicine, American Translation, Xew York 
W. Wood & Co., 1877, vol. 12, p. 386. 

19. Wiglesworth, J.; Remarks on the Pathologj' of the So-Called Pachy- 
meningitis Interna Haemorrhagica, Brain 15:431, 1892. 

20. Robertson, G. M.: The Formation of Subdural Membranes, or Pachy- 
meningitis Haemorrhagica, J. Ment. Sc. 39:203, 1893. 

21. Trotter, W. : Chronic Subdural Hemorrhage of Traumatic Origin and Its 
Relation to Pachymeningitis Haemorrhagica Interna, Brit. J. Surg. 2:271, 1914. 
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be little doubt that a sharp blow on the front or back of ibc licad can compara- 
ti\el\ casil\ jirodtice a pood deal of dislocation of the betnisjihercs, which of course 
woiiltl be cfinal on the two sifles. Jl is interestinp to notice that in all of my cases 
the violence Ii.ul been (piite moderate — in one of them extremeh' so, — that in three 
(here was pood reason to believe the blow bad been on the front or back of the 
skull, and that in two the beniorrbapc was bilateral. 


I can amijlify this conception of the source and mechanism of the 
bleeding' in chronic subdural hematoma only by the report of a clinical 
case in which intermittent bleeding from an opening in the superior 
longitudinal sinus actuall}’ was seen during an operation two and one- 
half months after the jirimary injury of the head. 

Case 1. — History. — H. P. S., a man, aged 29, entered the Nebraska 
Afetbodist Hospital, on April 19, 1928. He was referred b.v Dr. G. A. Young, 
with a diagnosis of chronic subdural hematoma. The patient had been in an auto- 
mobile accident about Feb. 1, 1928, and had sustained severe lacerations of the 
right frontotemporal part of the scalp ; but there had been no loss of consciousness, 
vomiting or other recognized injury, and he returned promptly to work. One 
week or ten days later he began to have headache and pain in his right ear, which 
discharged purulent material. These symptoms continued for about a week and 
then disappeared, e.xcept for occasional headache, on account of which he did not 
work. About April 1, 1928, there was a severe headache for ten days, associated 
with pain in the right hip and thigh. This disappeared, and on April IS, 1928, 
there occurred a short interval when the right hand seemed weak and useless, and 
he was unable to speak the words he wished to use. This was accompanied by a 
severe headache and projectile vomiting. These same symptoms recurred on the 
following day and continued for a longer time. 

Exaiitiitatiou . — Neurologic examination on April 19, 1928, showed that the 
cranial nerves were normal except for a slightly diminished left olfactory sense. 
The upper extremities were normal, the abdominal and cremasteric reflexes active 
and the lower extremities normal. A spinal puncture showed a pressure of 24 
mm. of mercury with jugular compression response, a colorless fluid, 10 cells, a 
normal amount of protein, a negative Wassermann test and a normal colloidal 
gold curve. A preoperative diagnosis of a left parietal tumor, suspected to be 
chronic subdural hematoma, was made. 

Operation . — On April 23, an exploratory trephine in the left parietal region was 
done with the patient under local anesthesia. A dark, slightly adherent membrane 
was found beneath the dura, with no pulsation. Needle aspiration withdrew very 
dark blood which did not clot readily on standing. The membrane was opened; 
a large quantity of old blood escaped, and the cavity was irrigated with physiologic 
solution of sodium chloride until it returned clear. A few small clots came out. 
The cavity was seen to e.xtend chiefly antcroposteriorly and medially. A rubber 
tissue drain was placed in the opening to permit gradual restoration of the markedly 
compressed cerebral hemisphere. 

Course . — The patient was much improved for twentj'-four hours following this 
operation, but pain in his head recurred the following afternoon, with restlessness, 
stupor and a convulsion at 3:30 a. m., on April 25. A discharge of fresh bloo 
appeared on the head dressings, and a diagnosis of recurrent hemorrhage was 
made. He was taken to the operating room, and a left parietal bone flap '"as 
turned down. A similar dural flap was made, leaving the cyst wall intact, except 
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at the previous opening, which was plugged with blood clot. On the incision of 
the cyst a considerable amount of liquid blood and air escaped. The large cavity 
was washed out with physiologic solution of sodium chloride and a good view 
was obtained of its interior, which extended the full length of the skull and had 
compressed the cerebral hemisphere fully 3 cm. .At first the wall appeared to 
contain no bleeding point, but when the patient began to strain from vomiting, 
dark blood was seen to escape intermittently from a place well forward on the 
superior longitudinal sinus, beneath the glabella. During a period of one half 
hour this place was watched, and an attempt was made to close the opening with 
a piece of muscle. Bleeding occurred only when the patient strained and not after 
the muscle was applied. The opening was a considerable distance forward and 
was reached with difficulty from the parietal opening. A frontal bone flap was 
desired for better exposure, but since no more bleeding occurred and the patient s 
condition from loss of blood and operative shock was not good, further work did 
not seem advisable. A rubber tissue drain was placed well forward over the 
hemisphere, and the bone flap was replaced. The patient was improved in reaction 
for a few hours, but fresh blood again appeared on the dressings, and he became 
comatose, indicating further bleeding. He was taken to the operating room, and 
a triangular piece of bone was elevated in the left frontal region, directly over 
the bleeding point. Blood clot and active intermittent bleeding were found again 
coming from the superior longitudinal sinus, where an anterior cerebral vein must 
have been torn out at the time of the injury. This opening was closed by silver 
clips and electrosurgical coagulation. The cerebral hemisphere this time appeared 
much larger, indicating more active replacement of tissue fluid. It was hoped 
that this final closure of the venous opening would result in recovery, but the 
patient did not regain consciousness and died the following day after gradually 
rising temperature and pulse and respiratory rates not relieved by dehydration 
therapy. Postmortem examination was not permitted. 

This case presents the unique observation of a persisting opening in 
the superior longitudinal sinus which evidently v/as the source of the 
large subdural hematoma found at operation, two and one-half months 
after a mild injury' of the head. It confirms the generally accepted 
concept of the origin of this lesion from ruptured cerebral veins as they 
cross to enter the sinus, and explains the slow and intermittent accum- 
ulation of blood which has seemed necessary- to produce the clinical 
symptoms. The unfortunate outcome was due to the unusual persis- 
tence of this opening, leading to postoperative hemorrhage, to the 
inaccessible location of the opening from a parietal bone flap and to 
postoperative edema of the brain. 

The latent interval, with gradual or intermittent accumulation of 
blood or serum in subdural hematoma, has long been a puzzling feature 
of the condition. Most writers, following Virchow’s “ lead, have 
assumed repeated ruptures of thin-walled blood vessels in the lining 
membrane. Gardner -- recently has offered experimental evidence that 
cerebrospinal fluid is drawn into the sac through the arachnoid by 

22. Gardner. V. J.; Traumatic Subdural Hematoma; with Particular Refer- 
ence to the Latent Inten-al. Arch. Neurol. & Psychiat. 27:847 (April) 1932. 
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osmosis. Botli of thc.se factors may play a j)art, but the demonstrated 
intcimittcnl l)lecdin}f from the superior longitudinal sinus in the pre- 
ceding case would seem to ))c a more logical explanation to account for 
the major portion of the accumulated contents of the sac. 

A few added deduclion.s in supjjort of Trotter’s conception of the 
origin of chronic subdural hematoma might be presented. Our present 
knowledge of j^osttraumatic edema of the brain indicates that injuries 
of the head severe enough to produce even transient unconsciousness are 
liable to be followed by appreciable signs of edema of the brain. This 
tends to compress the subarachnoid and subdural spaces by swelling of 
the brain and would favor closure of any torn veins long enough for 
a firm thrombus to form and prevent extensive or recurrent bleeding. 
The absence of edema of the brain following the mild injury of the 
head in which simple displacement of the brain occurs, as in the frontal 
or occipital bump, might permit subdural venous bleeding. The added 
factors of normal activity and straining following the injur}’^ to the 
head and the rigid wall of the opening in the superior longitudinal sinus 
would favor continued intermittent bleeding. 

Following this reasoning a little farther offers an explanation of 
the obsen'ed frequency of chronic subdural hematoma in conditions of 
cerebral atroph}" (Bowen '-). It is a common postmortem observation 
in such cases, and now frequently seen in encephalograms (fig. 1), 
that the retracted cerebral hemispheres appear suspended at their medial 
borders b)' the venous connections to the superior longitudinal' sinus. 
This condition, combined with the mild blows on the head which these 
patients commonly suffer or the venous congestion from straining, 
coughing or convulsions, would favor rupture of these venous connec- 
tions and permit free subdural hemorrhage. Trotter likewise empha- 
sized these factors as a possible explanation of spontaneous subdural 
hemorrhage in conditions of cerebral atrophy. 

It is not contended on the basis of this single case that all subdural 
hematomas arise from bleeding from the superior longitudinal sinus. 
Many other sources are possible, one of which was excellently por- 
trayed in Rand's - paper as being a ruptured large cerebral vein over 
the convexity of the hemisphere. Middle meningeal subdural hemor- 
rhage may persist without operation for many weeks, as was suspected 
in case 4 of this report. A cerebral aneurj'^sm may rupture at the base 
of the brain into the subdural space and produce a large and rapidly 
fatal subdural hematoma, as was reported by Bennett and myself. ■“ 
Birth injury may give rise to subdural hemorrhage over the tentorium. 

But rarely would any of these traumas produce the clinical and patho- 
logic condition of chronic subdural hematoma. 

23. Keegan, J. J., and Bennett, A. E. : Cerebral Aneurysm and Cortical Hernia- 
tion, Arch. Neurol. & Psychiat. 26:36 (July) 1931. 
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The treatment of chronic subdural hematoma has varied greatly, 
often depending on the neurosurgical qualifications of the operator or 
the serious condition of the patient which did not permit an extensive 
operation. However, guided by Virchow’s * conception of the etiologic 
significance of the lining membrane and Putnam and Cushing’s ^ recom- 
mendation, an osteoplastic flap and thorough removal of the membrane 
generally have been advocated (Rand" Grant Jelsma' and Dandy®). 
Fortunately not all patients have been subjected to this major procedure, 
and an increasing number of satisfactory recoveries have been reported 
after simple evacuation through a trephine opening. 



b — Encephalogram of a patient with chronic epilepsy, showing cerebral 
atrophy and suspension of the cerebral hemispheres by venous connections to the 
superior longitudinal sinus. 


Two recent critical surveys of methods of treatment by Fleming and 
Jones '■* and McKenzie definitely have favored the simpler procedure 
and called attention to the similar recommendation of Trotter in 
1914. I am in agreement with this conservative method of treatment 
and have applied it in my cases with reasonable success. The problem, 
however, is not quite so simple that a fixed rule can be applied to all 


Chronic Subdural Hematoma, 


24. Fleming, H. W., and Jones, O. \Y., Jr. : 

Surg, Gynec. & Qbst. 54:81 tjan.) lOSa. 

rbr'nn-^^c^i!r‘^’, ^ Surgical and Clinical Study of Nine Cases of 

c ironic Subdural Haematoma, Canad. M. A. J. 26:534 (May) 1932. 
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cases. Each must be considered in the light of both preoperative and 
postoperative findings; the pre.sencc or absence of organization in the 
hematoma whicli may favor delayed resolution and epilepsy; the size 
and duration of the lesion which may caused delayed obliteration of the 
cavity or predispose to postoperative edema of the brain; the danger 
of recurrent hemorrhag;e as in case 1, and the persistence of a low 
giade piessiue syndrome which ma}' recjuire decompression for relief 
as in case 2 (fig, 2). 

From my limited experience and deduction from the literature, I 
should favor the following procedure in treatment. In all cases of sus- 



Fig-. 2 (case 2). — EncephaJogram taken in a case of right subdural hematoma 
occurring six weeks after trephine drainage. 

pected chronic subdural hematoma, exploration should be made through 
a small lateral frontal or parietal trephine, which can be made a part of 
a large frontoparietal bone flap if necessary. Simple evacuation by 
suction and irrigation with physiologic sodium chloride with rubber tis- 
sue drainage for forty-eight hours should be the preliminary procedure, 
unless dense organization of the clot is found. Moderate dehydration 
therapy by limitation of fluid, magnesium sulphate catharsis or intrav- 
enous injection of a hypertonic solution of dextrose should follow the 
operation for a few days to counteract the tendency toward edema of 
the brain. Most patients probably will recover satisfactorily under this 
conservative regimen. A bone flap is indicated to remove an organized 
thrombus or to find the source of a recurrent hemorrhage, but not for 
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removal of the ordinary thin protective membrane surrounding the 
hematoma. This membrane u'ill disappear u'ithin a few months, as in a 
case reported bv Horrax and cjuoted in ^IcKenzie s paper, or become 
insignificant as in case 2 of tbis report (fig. 3). Drainage for forty- 
eight hours would seem to be indicated both to allow the escape of some 
retained blood and to permit the escape of fluid and air as the markedly 
compressed brain gradually is restored to normal volume. A subtem- 
poral decompression might well be made a part of the original oi)eration 
to allow for some unavoidable postoperative pressure from edema of the 
brain, or to relieve a low grade chronic pressure syndrome from arach- 
noiditis as in case 2. The possibility or even the probability of a bilateral 
hematoma, as emphasized by Trotter** and by Fleming and Jones, ■* 
always should be kept in mind and bilateral trephine exploration done 
on the slightest evidence. Double trephine openings as advocated by 
Fleming and Jones ** probably are not necessary, although they add 
little hazard to the operation and perhaps insure more complete evacu- 
ation of the hematoma. 

SUMM.VRY 

The primal-}- etiolog}- of chronic subdural hematoma is mild trauma 
to the head, and the source of the bleeding is torn veins wbich connect 
the cerebral hemispheres with the superior longitudinal sinus. 

Edema of the brain following severe injury of the head compresses 
torn veins, favors clotting and prevents large subdural accumulation of 
blood. 

The latent period and intermittent bleeding are demonstrated by the 
case reported to be due to a persisting opening in the superior longi- 
tudinal sinus. 

Cerebral atrophy causes suspension of the cerebral hemispheres by 
their venous connections to the superior longitudinal sinus and makes 
these patients more susceptible to subdural hemorrhage. 

Trephine exploration and drainage should be used in treatment, 
unless specific indications call for more radical surgical procedures. 

Case 2. — History. — P. R., a man, aged 24, entered the Jennie Edmundson Hospi- 
tal, Council Bluffs, la., on Nov. 9, 1931. He was referred by Dr. S. D. Maiden, with 
a diagnosis of intracranial pressure. This patient was in an automobile 
collision on July 19, 1931. He suffered no serious injurj-, was not aware of any 
injury of the head, and did not lose consciousness. Two days later he began to 
have frontal and temporal headache, which persisted and gradually became worse. 
On September 1, rather severe intermittent pain in the right frontal area developed, 
for which he consulted a specialist in diseases of the nose and throat. Cocainization 
of the right nares relieved the pain. There was no choked disk at this time. The 
pain recurred, and the right maxillary antrum was drained on September 14, with 
some relief. He returned in a few days with a history of an attack of transient 
weakness or dead feeling in his left arm. Examination of the fundus showed a 
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papilledema of 4 diopters with hemorrhages. The visual fields showed some color 
restriction but no segment defect. The spinal fluid pressure was 18 mm. of mer- 
cury; there were 10 cells and the fluid was colorless. 

E.iaiiiinalinii. Neurologic examination, on September 21, showed a question- 
able weakness of tbe left side of the face and of the tongue; otherwise the reac- 
tions to motor, sensory, reflex and coordination tests were normal. The tendon 
reflexes were slightly sluggish; the abdominal and cremasteric reflexes, active, 
riie patient appeared apathetic and yawned frequentli’’, although he was responsive 
and rational. There were: a low grade fever, a leukocyte count of 17,000, with 
S8 per cent polj’inorphonuclears, a pulse rate of 74 and a blood pressure of 130 
systolic and 70 diastolic. There was no historj’ of suppuration of the ear or 
sinus trouble, but a peritonsillar abscess had been lanced in July, 1930, and the 
patient had not felt entirel 3 ' well since. With this history suggestive of infection, 
and the patient’s positive statement that he had not injured or struck his head in 
the automobile accident, the preoperative diagnosis favored right frontal abscess 
rather than hematoma. An explorator.v trephination was done in the right lateral 
frontal region on September 22, and a dark bluish membrane, characteristic of 
chronic subdural hematoma was encountered. Two or 3 ounces (56 to 85 Gm.) of 
dark liquid blood was removed bj' suction, and a rubber tissue drain was left inserted 
in the cavity, one drain e.xtending into the temporal fossa where evacuation did 
not seem complete. The drains were removed after forty-eight hours; there was 
moderate drainage of old blood during the first twentj'-four hours. 

The patient promptly improved in alertness and was relieved of pain, although 
for a few days he complained of an occasional sensation of numbness in his left 
hand. Headache occurred on October 14, and vision seemed slightly blurred. A 
choked disk of 4 diopters persisted. The cisternal cerebrospinal fluid pressure was 
22 mm. of mercury; 30 cc. of fluid was removed, the pressure being reduced to 
8 mm. The patient felt relieved after this drainage, but sj'mptoms recurred in 
about a week and cisternal pressure of 18 mm. was found; 25 cc. of fluid Avas 
removed on October 21, The papilledema had subsided to 2 diopters, and vision 
was better. On Oct. 28, cisternal pressure rvas 12 mm., and 25 cc. of fluid was 
removed. The pressure seemed to be subsiding, but on Nov. 2, it rose to 20 mm. 
again, and the patient complained of frontal headache and pain in his eyes. He 
did not feel well and had not regained normal physical and mental reactions. 

Second Admission. — He Avas admitted to the Nebraska Methodist Hospital on 
November 9, for an encephalogram, to determine the presence of a suspected 
residual hematoma. Before the injection of air a needle was inserted through the 
old trephine opening, and no fluid Avas obtained. The encephalogram showed a 
partial obliteration of the subarachnoid spaces over the right hemisphere and slight 
displacement of the ventricles to the left, Avith asj'mmetrical dilatation of the 
ventricles, more pronounced on the left. The findings indicated an obliterative 
pressure lesion over the lateral surface of the right hemisphere. A needle Avas 
inserted through the old trephine opening in search of old blood, but nothing was 
found. From this it Avas interpreted that there probably was a walled-off hema- 
toma in the right temporal fossa Avhere evacuation Avas imperfect at operation. 

The patient Avas allowed to go home, and felt considerably improved for two 
AA'eeks following the encephalogram. Cisternal pressure was found to be norrnal 
on NoA^ember 18, but the patient returned to the hospital on November 25, Avith 
headache and pain in his ej'cs again and a pressure of 18 mm. of mercury. Sjmp- 
toms and an increased intracranial pressure of 14 mm. persisted until December , 
and operation Avas advised. 
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Operation and Course.— Ai this operation. Dee. 3, 1931, preparation ^vas made 
to turn down a large bone flap in the right frontoparietal region. A preliminary 
temporal trephine with the patient under local anesthesia was done, and tiie dura 
was opened. A thin subdural membrane was found, but no blood. The opening 
in the temporal bone was enlarged and the dura opened widely for decompression. 
The subdural membrane separated easily from the dura and was detached over a 
wide area by traction. Exploration with a spatula beneath the temporal lobe did 
not reveal blood. The e.xposed cortex had a gray, translucent, wet appearance, 
with some clouding of the arachnoid, interpreted as a definite local arachnoiditis 
and edema of the brain. The wound was closed, leaving a subtemporal decompres- 



Fig. 3 (case 2). — Photomicrograph, low power, of the membrane of the sub- 
dural hematoma three and one half months after evacuation of the blood through 
a trephine, 

sion. The former right frontal trephine was reopened and no subdural fluid was 
found, which confirmed the negative results of the needle puncture. 

The patient made an uncomplicated recovery, and left the hospital on December 
10. He was given 100 cc. of a SO per cent solution of dextrose intravenously on 
the first postoperative day. There was moderate bulging over the decompression 
when he left, but this had entirely subsided when he was next seen, on Jan. 27, 
1932. At this time he had no complaint, had gained in weight, strength and alert- 
ness, and felt entirely well. He has remained well. 

Microscopic section of the subdural membrane (fig. 3) showed hyalinized con- 
nective tissue, a few thin-walled blood vessels and some hemosiderin pigment. 

Commenf.—This case illustrates the significance of anteroposterior 
displacement of the brain in the causation of chronic subdural hema- 
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toma, in that tlie sudden stopping of the car, with powerful bracing on 
the steering wheel, and no recognized injury of the head, gave rise to 
tlic condition. It also illustrates the successful evacuaton of the hema- 
toma by ticphinc and drainage, but with persistence of low grade pres- 
sure signs from residual local ai-achnoiditis and cerebral edema. This 
was relieved prom])tly by subtemporal decompression, which exposed the 
apparently insignificant loose remnant of the cyst wall seventy-one da.ys 
after trephine drainage. 

Case 3. — History. — O. M. N., a man, aged 46, entered the Nebraska Methodist 
Hospital on April 23, 1923. He was referred by Dr. G. A. Young, with a diag- 
nosis of chronic subdural heniatoina. The patient entered the hospital with the 
complaint of headache, vomiting, inability to think and remember, and weakness. 
About Dec. 11, 1922, he fell from a load of hay and received a blow on his fore- 
head, and a fracture of the left clavicle occurred. He was not unconscious, and drove 
his team to the barn. He had a headache following the accident, which soon dis- 
appeared, and he thought no more of the injur 3 ’ to the head. As soon as the 
clavicle had mended sufficiently, he resumed work and his health was normal. 
About Feb. 20, 1923, a sudden headache developed accompanied by vomiting, with- 
out nausea. The headache lasted a day or two; it was located indefinitely in the 
top of his head. He then appeared well again. During the following weeks, 
however, he had several similar attacks of headache lasting two or three days. 
During the two weeks preceding admission to the hospital his condition had 
become much worse and the headache more frequent and persistent; he had not 
been able to think clearly. During the past few days he had been r’ery slew to 
respond; he appeared confused and at times unconscious. 

E.vaiiitiiafioii . — The patient lay in a semiconscious state. He responded very 
slowly and inaccurately. The left pupil was larger than the right; the fundus 
showed no elevation, and no other evident abnormality of the cranial nerves was 
present, although the patient’s sluggish mental reaction prevented accurate tests 
of smell and taste. There was slight rigidity of the neck, and the Kernig sign 
was negative. Muscle power, reaction to pain, knee jerks and biceps tendon reac- 
tion appeared diminished on the left side. The Babinski reflex was negative. 
Spinal pressure on April 24 was 25 mm. of mercuri'; the fluid was clear and 
colorless, with 2 cells. The Wassermann reaction and the colloidal gold curve 
were negative. On April 25, the patient rvas more stuporous; the left abdominal 
reflex was absent, and the Babinski reflex and ankle clonus on the left were 
positive. The temperature and respiratory rate were normal ; the pulse rate, 
from 50 to 60 a minute, and the blood pressure 95 sj'stolic and 65 diastolic. Roent- 
genograms of the head were negative. 

First Operation . — The findings suggested a tumor of the right frontal lobe. 
Examination of the fundus on April 25 showed an elevation of from 2 to 3 
diopters in the left disk; the right disk was normal. The respiration had become 
Cheyne-Stokes in character; the pulse rate, 45, the stupor more profound. An 
intravenous injection of 200 cc. of buffered IS per cent solution of sodium chloride 
was given and a right subtemporal decompression performed, with the patient under 
local anesthesia, as an emergency measure. There was no intracranial pressure 
during the operation, and no evident pathologic process was found in the right tern 
poral region of the brain. 
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There was not much change ff)Ilo\viHK the operation, altlioiicl) conscioti'-ness 
was slightly improved. The left optic clisk was normal mi May 6. 1 here was 

moderate bulging over the decompression, with little tension. On May 12, the 
mental condition was considerably improved, and .absence of smell in the left 
nostril was observed. Replacement «if ventricular fluid by dO cc. of air was done 
through the decomiiression opening on May 12. The ventriculogram showed a 
markedly dilated right lateral ventricle with no <Iefornnty in the frontal region. 
The third ventricle also apjieared markedly dilated and displaced to the right. No air 
was found in the left lateral ventricle. The interpretation was that there was a 
tumor in the left frontal region instead of the right as previously suspected. It was 
thought probably to he an inoperable glioma, owing to the rapid progression of 
symptoms, without marked intracranial pressure, and its location was thought to 
be the left frontal lobe. Chronic subdural lienialoma was not thought of. although 
a history of injury of the head was obtained, because at that time this clinical con- 
dition was not well known. 

Second Operaiwit and Course. — .-V left frontal osteoplastic flap was turned down 
on May 17, with the patient under ethylene anesthesia. .-V large subdural hematoma 
was found over the left frontal lobe, filled with dark litpiid blood and c.xtcnding 
posteriorly as a thinner layer lieyond the central fissure. The outer wall of the 
cyst was removed anteriorly, and a considerable amount of fibrinous clot was 
removed by sponging and irrigation. No attempt was made to remove the entire 
lining. The membrane was thin over the arachnoid, so that the flattened cerebral 
convolutions and fissures could be seen through it. .\ drain was placed in the 
cavity and another outside of the closed dura at the posterior angle of the wound. 

There was considerable drainage of blood from the wound during the first 
twenty-four hours. The drains were removed on the second day, with no further 
evidence of bleeding. The wound healed without complications. There was 
nioderate bulging over the right decompression for several days, which had sub- 
sided on ^lay 24. 

The patient made a rapid and uncomplicated recovery. He left the hospital on 
•i aj 24, the seventh postoperative day, with continued nursing care at home. He 
normal activity in a few weeks and continued to be well until Aug. 27, 
, when he had three convulsions over a period of twenty-four hours. He 
reentered the hospital on August 28, and neurologic c.xamination at that time 
oSte entirely negative results. Examination of the spinal fluid showed: pressure, 
normal , cells, 2, and protein and sugar content, normal. He was dismissed on 
ugust 30, with a diagnosis of organic epilepsy, and medical treatment was advised, 
and occasional epileptic attacks since that time, mostly of the minor t 3 'pe, 

on this account has some disability. His general health otherwise is good. 

Comment. ^This case illustrates the delay in diganosis and treat- 
imperfect knowledge of chronic subdural hematoma 
tr f -Although a bone flap was turned down, the hematoma was 
^ ate essentially evacuation and drainage. The desirabilitj^ of a 
during the period of recover}- is shown by the bulging 
wa 1 hernia which lasted several days. Recovery probably 

of e presence of this decompression. The appearance 

resid;^ attacks two years after the operation might indicate some 
scarring which could have been prevented by more radical 
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lemoval o£ the membrane. However, I should question whether less 
damage would be left by complete removal, which is not always possible 
or advisable. 


Case 4. History. C. N., a man, aged 57, entered the Nebraska Methodist 
Hospital on June 7, 1928. He was referred by Dr. C. E. Allenburger, with a 
diagnosis of chronic subdural hematoma. 

riie patient entered with the complaint of persistent right frontal headache, 
occasional vomiting, mental confusion and weakness. Early in April, 1928, while 
working in the field, he received an injurj’^ to the right side of his head. He wan- 
dered into the house about 11 a. m., apparently dazed and confused, with a severe 
lacerated wound in the right temporal region. The w'ound was sutured, and a 
roentgenogram was not taken. The mental confusion seemed to have disappeared 
by the evening of tliat da}’. He returned to work after a few days and seemed 
well, except for a gradually increasing right frontotemporal headache, which 
caused him to consult a physician on May 29. The following day he became quite 
weak, unable to walk, and entered a local hospital on June 2. Occasional vomiting 
began at this time. Mental confusion appeared on June 5, and he entered the 
Methodist Hospital on June 7. 

Examination . — Examination showed mental dulness, difficulty in holding atten- 
tion, a tendency toward jocularity, at times a mild stupor. The optic disks showed 
blurring of the margins and an elevation of 1 diopter; there was no defect in the 
visual fields, and all of the other cranial nerves were normal. There was a slight 
motor weakness in the left arm. The knee jerk was greater on the left than on 
the right; there were bilateral ankle clonus, a left plantar reflex and absence of 
abdominal and cremasteric reflexes. Otherwise the results of motor, sensory and 
coordination tests were normal, except for sluggish response. Roentgenograms of 
the skull were negative. 

Operation and Course . — A preoperative diagnosis of chronic subdural hematoma 
in the right frontal area was made, and a right lateral, frontal trephine was done 
on July 8. A thin, partly organized old blood clot was found in the subdural 
space, but there was little free fluid. This wound was closed, and another trephine 
was done posteriorly in the right temple. An elevated line of bone in this region 
with quite adherent dura and obliterated middle meningeal artery suggested an old 
fracture and middle meningeal tear. The trephine opening was enlarged to 2 cm. 
in diameter, and the dura was opened crucially. At the inferior border of the 
opening a considerable quantity of clear fluid under pressure was released, appar- 
ently subarachnoid fluid, with the cortex visible in this region. A dark membrane 
covered the upper two thirds of the opening, and a trochar needle inserted into this 
released 2 or 3 ounces of dark brown fluid. The opening was enlarged, and a rubber 
tissue drain was inserted into this cavity. There was considerable drainage of 
blood-stained fluid during the first twenty-four hours, interpreted as partly cerebro- 
spinal fluid. The drain was removed on the second day, with no further drainage. 

The patient seemed more alert after the operation and had less headache. A 
spinal puncture on June 11 showed: pressure, 18 mm. of mercury; fluid, clear, 
cells, 8 ; protein, normal. He was rather restless for a few days and then became 
listless and drowsy. He was given active magnesium sulphate catharsis for the 
edema of the brain. Spinal puncture, on June 15, showed a low grade pressure, vith 
normal fluid. A needle was inserted info the region of the hematoma on Junc^ 1 >, 
and only 8 cc. of brown fluid could be obtained, indicating satisfactory evacuation. 

The persistence of neurologic signs which preceded the operation, increasing stupor 
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with bilateral ankle clonus, and a suggestive spastic weakness of the right arm 
observed on June 29, suggested a bilateral hematoma. A left frontal trephine was 
done on June 30, and nothing was found, except an increase of subarachnoid fluid 
and prominence of the cortical blood vessels. 

The stupor gradually increased to coma, with Cheync-Stokes respiration, loss 
of pharyngeal refle.xcs and profuse sweating, with periods of slight remission. The 
pulse remained fairly good; the temperature ranged from 99 to 101 F. and the 
respiratory' rate, from 20 to 30 a minute. On July 3, convulsive attacks devcloiicd, 
characterized by clonic spasm spreading from the right side of the face down the 
right side of the body, with conjugate deviation of the eyes to the right. These 
recurred for several days, and the patient's condition seemed very serious. The 
temperature rose to 103 F., the pulse rate, to 120, and the respiratory rate, to 40. 
He gradually improved, however, regained consciousness, became restless but more 
cooperative, and was able to bo up in a chair on July 14. From this time he 
improved rapidly. He left the hospital July 20. He gradually recovered strength, 
and when seen on Sept. 11, 1928, appeared to be entirely well. He was seen again 
on Oct. 30, 1930, and reported ability to do a full day’s work on the farm as well 
as before his injury. 

Comment . — This case presents several puzzling features. The 
operative findings indicated a right middle meningeal injury, but the 
location of the hematoma was almost too far medial and the symptoms 
too slow in developing for its source to be this vessel. The persistence 
and increase of symptoms after drainage of the hematoma led to 
exploration of the left side, with negative results. Postoperative edema 
of the brain did not seem to explain the profound depression without 
pressure ; cortical degeneration seemed necessary ; but the patient’s com- 
plete recovery would negative this theory. Perhaps a bone flap or larger 
decompression should have been done, since there was evidence of 
organization of the clot in the frontal region. 1 doubt, however, if he 
would have survived this major operation. Intravenous injections of 
a hypertonic solution of dextrose might have been given to advantage, 
although the excess of subarachnoid fluid on the left side indicated 
adequate dehydration by magnesium sulphate. It is possible that the 
patient was too much dehydrated, and that hypotonic rather than hyper- 
tonic fluids were indicated. 

Case 5. History. — P . M. S., a man, aged 71, entered the Immanuel Hospital 
on Feb. 11, 1932. He was referred by Dr. H. A. Blackstone, with a diagnosis of 
chronic subdural hematoma. 

The patient fell on a slippery street on Dec. 11, 1931, striking the right fronto- 
temporal region of his head. He got up immediately after the injury and went 
home alone, with no symptoms except a “black eye.” About two weeks later, his 
son noted that his left knee seemed stiff, and that he dragged the left toes in 
walking. The left arm became weak about two weeks later, and the weakness 
gradually increased to disabling left hemiplegia. He had no headache and did not 
vomit, and no mental disturbances appeared until Feb. 1, 1932, when he had influ- 
enza and became increasingly drowsy, with stupor and incontinence two weeks 
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Examination.— Hcmologiz examination, on February 16, showed: left hemi- 
plegia of tlie central type ; absence of the left abdominal and cremasteric reflexes ; 
normal fundi j spinal pressure, 10 mm. of mercury; fluid, clear with a very faint 
yellow tint; cell count, 2; protein, 13 mg. per hundred cubic centimeters; colloidal 
gold curve, negative. The pulse ranged between 64 and 84; the blood pressure was 
120 systolic and 80 diastolic. He was stuporous and slept with obstructed 
breathing. 

Owing to his age and lack of intracranial pressure, a diagnosis of right lateral 
cerebral thrombosis was favored, although the traumatic history suggested chronic 
subdural hematoma. In a report on the roentgen findings. Dr. Tyler stated that 
there was “an area of increased density in the right lateral frontal region very 
suggestive of hemorrhage between the cranial vault and the brain, pushing the 
latter away from the skull.” Definite improvement following the intravenous injec- 
tion of 100 cc. of a 50 per cent solution of de.xtrose favored the diagnosis of 
chronic subdural hematoma. 

Operation and Course , — An exploratory trephine in the right lateral frontal 
region was done on February 20, and a tj'pical dark subdural membrane was 
encountered. Incision through this released an ounce or more of dark brownish 
liquid blood. After evacuation the blood cavity was found to extend several centi- 
meters medially and into the temporal region. There appeared to be an inner 
chamber of blood which required separate opening before the pale fairly normal- 
appearing flattened cortex could be seen, A considerable portion of the cyst mem- 
brane was removed by dissection and traction. The wound was closed, and a small 
rubber tissue drain was left in place for forty-eight hours. 

Following the operation there was prompt improvement in mental reaction and 
the disappearance of drowsiness, but there was little improvement in the paralysis. 
This, however, gradually improved over a period of a few months, and at the 
present writing the patient has resumed normal activity, with slight disability. 

Comment . — This case illustrates the clanger of a mistaken diagnosis 
of cerebral vascular disease on account of the age of the patient. 
The noteworthy roentgenographic report of a subdural shadow and the 
improvement following injection of a hypertonic solution of dextrose, 
with a history of trauma, led to the correct diagnosis. In this case 
recovery after simple trephine drainage was complete but slow. It is 
possible that more rapid recovery would have occurred if a larger open- 
ing had been made or a decompression done. However, the age and 
poor condition of the patient seemed to contraindicate a more radical 
surgical procedure. His ultimate recoveiy was satisfactory. 
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The exact etiology of osteochondritis of the head of the femur' is 
still undetermined. Various theories of the cause of this disease have 
been advanced, the most reasonable of which may be considered under 
the headings of infection, trauma, embolism and maldcvelopment. 

The evidence in favor of infection as the etiologic agent is based on 
a few bacteriologic studies. Legg- scraped tissue from a large area 
of rarefaction in the neck of the femur of a patient suitering from this 
disease and found that staphylococci grew in cultures from the material 
so obtained. Kidner ^ obtained staphylococci from the granulation 
tissue found in necrotic areas in the metaphyseal region of the upper 
end of the femur in a similar case. IMcWhorter ' likewise found the 
staphylococcus in a single case. Phemister ® removed part of the upper 
femoral epiphysis after curetting the interior, and obtained no microbic 
growth (1921), but in a later study (1930) of two cases, lie found in one 
streptococci in cultures of tissue removed at operation. In this case, 
the wound healed by primary intention, but a low grade febrile reaction 
persisted for two weeks. A blood culture taken during this period 
yielded the same organisms as those which were recovered from the 
bone. The histologic picture was that of necrosis of the bone accom- 
panied by marked fibrosis and phagocrtic reaction of the fixed tissues. 

From the Department of Surgery, Division of Orthopedics, and Department 
of Pathology, Peiping Union Medical College. 

1. Synonyms for osteochondritis of the head of the femur are Legg-Calve- 
Perthes’ disease, osteochondritis deformans juvenilis co.xa and pseudocoxalgia. 

2. Legg, A. T. : An Obscure Affection of the Hip Joint, Boston M. & S J 
62:202 (Feb. 17) 1910. 

3. Kidner, F. C. : Perthes’ Disease, .Am. J. Orthop. Surg. 14:339, 1916. 

4. MeWorther, G. L. ; Operation on the Neck of the Femur Following .Acute 

Symptoms in a Case of Osteochondritis Deformans Juvenilis Coxae, Surg Gvnec 
•& Obst. 38:632, 1924. ’ ' 

5. Phemister, D. B.: Operation for Epiphysitis of the Head of the Femur 
(Perthes’ Disease), Arch. Surg. 2:221 (March) 1921; Silent Foci of Localized 
Osteomyelitis. J. A. M. A. 82:1311 (April 26) 1924. Phemister, D. B.; Brun- 
^hwig, A., and Day, L.; Streptococcal Infections of the Epiphvses and Short 
Bones, J. A. M. A. 95:993 (Oct. 4) 1930. 
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However, in a number of patients subjected to explorator3' operation by 
other workers, the cultures failed to show bacterial sfrowth. 

As a definite histoiy of trauma is often obtained in osteochondritis 
it is difficult to discount this factor entirel}'. Not infrequently changes 
simulating osteochondritis develop after closed manipulation in con- 
genital dislocation of the hip. It has been suggested that such trauma 
may injure the vessels suppl3'ing the femoral epiph3"sis and that the 
circulatoiy disturbance produced thereb3'’ cause atroph3" of the bone 
with collapse of the head. In this connection it ma}’^ be well to recall 
that the head of the femur receives its main blood suppl3' from the 
vessels of that portion of the capsule which is reflected upward along 
the neck to the chondro-osseous margins. A rich anastomosis of these 
vessels encircles the entire neck of the femur with the largest A^essels 
situated posteriori}^ and superiorl3^ In 3'oung persons the ligamentum 
tei'es contains blood vessels which aid in the nutrition of the head. 
Leriche and Policard ® suggested an explanation of osteochondritis on 
the basis of traumatic vasomotor changes. The}' found that rarefaction 
of bone is the result of increased circulation. Bentzon,' whose investi- 
gations support this idea, believes that the arteries which suppl}' the 
femoral head are so arranged that the}' are exposed to mild lesions of 
pressure and stretching, especiall}' in }'oung persons in whom trauma 
ma}' cause a bending of the cartilaginous part of the epiph}’sis without 
producing a real epiphyseol3'sis. He stated that since the arteries are 
exposed to moderate traumatisms, it is possible that the vasomotor nerves 
in the adventitia may be damaged in such a way that they become 
blocked, with the result that an active h3'peremia of the epiph}'seal bod}' 
occurs. By injections of alcohol around the arteries of the upper 
epiphysis of the femur in young rabbits he produced coxa plana in 
several instances, and histologic examination of the femoral heads 
showed a picture quite characteristic of that condition. 

Axhausen ® suggested that Legg-Calve-Perthes’ disease, Kienbock s 
disease, Kohler’s disease and similar lesions might represent the results 
of a vascular occlusion caused by an embolus of tubercle bacilli or 
pyogenic organisms. He believes that bacteria may lodge in one or more 
of the smaller vessels, where they are destro}'ed b}' the local protective 

6. Leriche, R., and Policard, A. : Normal and Pathological Phj’siolog.v of 
Bones, St. Louis, C. V. Mosby Company, 192S, p. 214. 

7. Bentzon, P. G. K. : A New Theorj’’ About the Pathogenesis of Coxa Plana 
and Other Manifestations of “Local Dyscliondroplasia,” Brit. J. Radiol. 31:439, 
1926. 

S. Axhausen, G. : Nicht Malacic, sondem Nekrose dcs Os Lunatum Carpi, 
Arch. f. klin. Chir. 129:26, 1924; Ueher anamische Infarktc am Knochensystem 
und ihre Bedeutung fiir die Lchre von den primaren Epiphysconckrosen, ibid. 151: 

72, 1928. 
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forces with a sterile embolic necrosis as the end-result. In support of 
this contention it can be stated that tubercle bacilli have been found in 
several cases which have shown a clinical course similar to that of 
Legg-Calve-Perthes’ disease. 

Calot” and iSlurk Jansen offer to e.xplain the disease on the basis 
of developmental anomalies. The former believes that osteochondritis 
of the femoral head is a condition of arrested development of the hip 
joint, with a tendency to congenital subluxation or dislocation. An 
imperfect contact of the head in the acetabulum brings about a condition 
of mechanical instability which results in flattening and irregularity of 
the head. jMiirk Jansen stated that in these cases the acetabula are 
abnormally flat (ischium varum), and the head changes its shape 
gradually because of the deranged mechanical conditions. 

Because of the limited amount of material available for microscopic 
examination, the histopatholog}' of osteochondritis of the head of the 
femur has not been investigated thoroughly. Nevertheless, the essential 
features of the anatomic changes have been well described in a few 
pathologic studies made by German workers (Perthes. Axhausen. Riedel, 
Heitzmann, Konjetzney, Brandt and Klages). The earliest and most 
striking change consists in necrosis of the bony trabeculae of the 
femoral head and of the bone marrow, resulting occasionally, when 
extensive, in compression fracture of the head. This necrosis is fol- 
lowed immediately by regenerative activities on the part of the fibro- 
blasts. Beginning as a zone of granulation tissue surrounding the 
necrotic area, the fibrous tissue tends to reorganize the areas of necrosis. 
Subsequentl}^ there is not only diffuse fibrosis of the bone marrow, but 
also formation of new bone and cartilage as the result of the metaplasia 
of the fibroblasts or the increased activities of the chondroblasts and 
osteoblasts. In the granulation tissue degenerative changes may develop. 
These consist especially of hemorrhage, edema and finally the formation 
of small cysts. Additional changes also occur at the epiphyseal line and 
in the joint cartilage. The epiphyseal line may be broken into irregular 
islands of cartilage, with the result that the vascular channels between 
the medullary bone of the head and neck become anastomosed. The 
hyaline matrix of the joint cartilage may become edematous or fibrillar, 
and the cartilage cells may either absorb stain poorly or appear greatly 
shrunken and atrophied. 

That one or more of the causal factors previously suggested plays a 
part in the etiologj^ of osteochondritis of the hip seems possible. It is 

9. Calot, F., and Cohen, H.; L’osteochondrite de la hanche, Presse med 30- 
3a (Jan. 14) 1922. 

Socket and Its Sequelae, J. Bone & Joint 



Fig. 1. — A, drawings (anterior view in case 365) s/iow/ng the early roughening 
and flattening of the right femoral head. The operation, which was performed 
three months previously, included ligation of the round ligament along with strip- 
ping of the periosteum from the neek. Note that most of the changes of the head 
are in the portion nearest the epiphyseal cartilage plate. The normal left femoral 
head is shown for comparison. B, posterior view of the same specimens. 




Fig. 2. — A, drawing of the autopsy specimen in case 399 removed four months 
after ligation of the round ligament and stripping of the periosteum from the neck 
(right side). Note that the changes are more advanced than those in figure 1, 
and include roughening and flattening of the entire head. The normal left femoral 
head is shown for comparison. B, posterior views of the same specimens. 
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ceitain that there are man}' borderline cases which simulate closely the 
changes following a low grade osteomyelitis. There' is a great deal of 
clinical evidence in support of the traumatic theory. After an extensive 
survey of the liteiatuie, it seemed to us that the cause of the disease 



Fig. 3. — A, pliotomicrograph of the femora! head of dog 16, two and one-lialf 
months after ligation of the round ligament and stripping of the periosteum from 
the neck. Almost all of the cancellous bone of the head is necrotic. Reduced from 
X 12. B, photomicrograph of a snial} area of section shown in A. Note the 
necrosis of the medullary bone and the normal cartilage of the epiphyseal plate. 
Reduced from X 100. 

might lie in some deficiency in the vascular siippl}’’ of the head of the 
femur, and consequent!}- this study was undertaken. In a series oi 
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Fig. 4.— .-1, photomicrograph ot the femoral head of rabbit 384, three months 
after ligation of the round ligament and stripping of the periosteum from the neck. 
The head appears flattened and its surface is irregular as the result of necrosis and 
atrophy of the underlying cancellous bone. Note the thinning out of the articular 
cartilage. The large cystlike spaces on either side of the epiphyseal cartilage are 
artefacts. Reduced from X 20. B, photomicrograph of the femoral head of rabbit 
367 four months after operation. Note the marked loss of cartilage on the articular 
surface. The epiphyseal cartilage has disappeared except for a small portion at 
the left margin, and the bone of the head is in the process of replacement The 
cystlike spaces are artefacts. Reduced from X 22. C, photomicrograph of the 
femoral head of rabbit 358 four and one-half months after the same operation as 
in A. Note that the liead appears slightly flattened. In certain places the articular 
cartdage is thin and irregular while in others it is absent. The lateral margins of 
the articular cartilage overhang the bone of the neck. There are two well defined 

^vsts (A) near the articular surface. The other cystlike spaces are artefacts 
Reduced from X 18. 
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experiments on animals, attempts were made to bring about a deficiency 
of tlic circulation of the head of the femur, to determine microscopically 
the changes in the head of the femur after varying periods of time and 
to see if the resultant changes simulated in any way the clinical syndrome 


termed Lcgg-Calve-Pcrthcs’ disease. 


ArETHOD 


Five dogs and twelve rabbits were used. The ages of the dogs varied from 
2 to 4 months and the ages of tlie rabbits from 2 to 3 montlis. Young animals 



pig_ 5. — photomicrograph of a portion of the articular cartilage rom igu 
4 B showing areas of necrosis (a and b) within the substance of the carti age . 
necrotic cartilage cells (c and d). Reduced from X 120. ,re 

another portion of tlic articular cartilage shown in figure A B, revea mg • 
advanced stage of necrosis. Tlic indentation (a) contains a piece of nccrmi . 
tilage. Note the degenerated cartilage cells at b and r and the t eguiera 
cells at d and c. Reduced from X 135. C. photomicrograph o a t lire 1’” 
tlie articular cartilage shown in figure 4 B, showing a small area m w 
articular cartilage lias di.sappearcd, with the result that the bone (n) 's ■ 
with tlic cartil.nge of the surface. The bone cells near the ‘*'^*'*'*' 
necrotic. There is another spicule of dead bone at b. Reduced rom 

were chosen so that the epiphyses might show active growth of the 

Inhalation ether anesthesia was employed in all cases. Y ith asep i 
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hip joints were opened tiirough an anterior superior incision. The hlooel vessels 
of the femoral head were interrupted according to one of the several inctho<ls to he 
described later, and the incisions were closed with fine silk sutures. Special atten- 
tion was given to the rcapproximation of the subcutaneous tissues and skin, and 
the wounds were sealed with collodion dressings. Animals in which infection of 
the hip joint developed were discarded. Roentgenograms were made following the 
operation and at the time of the autop.sy. The animals were killed by electrocution, 
and autopsies were performed at periods of time varying fron\ two weeks to four 
and one-half months after the operation. Cultures were taken from tlie hip joints 



Fig. 6. — A, photomicrograph of the two cystic areas shown in figure 4 C. Cyst 
a contains a bone trabecula, part of which is necrotic (X). This cj-st appears to 
e jounger than cj'st b, which is surrounded by fibrous tissue. Note the metaplasia 
of fibrous tissue with the formation of cartilage and new bone. B, photomicrograph 
s owing a nest of young cartilage cells (a) of A. Note the spicule of old bone 
(b) to the left, and the spicule of new bone (c) next to the cartilage. Reduced 
rom X 155. C, photomicrograph of an area from A, showing new bone in the 
ower right corner. Note the vascular fibroblastic tissue which surrounds the new' 
bone. Reduced from X 150. 


'V 1 C 1 were operated on, and the upper ends of both femurs (the normal hip and the 
one operated on) were removed for gross and microscopic examination. 

Three groups of experiments were performed. A description of a tj-pical experi- 
ment in each group is given. 
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Group A. Alcohol tnjccted into the pcAostcuut of the neck of the femur. 

Dog 4 was 2 months of age. The right hip joint was opened through an antero- 
superior incision. The capsule was incised transv'ersely and, through a very fine 
hj^podermic needle, several minims of a solution of 95 per cent alcohol was injected 
into the periosteum of the neck of the femur and into the overlying synovial mem- 
brane. The capsule of the joint was not resutured. The muscles and other soft 
tissues were closed by sutures of fine silk, and the wound was sealed with collodion. 
The hip joint was not immobilized. Roentgenograms of both hips were taken 
shortly after the operation and at the time of the autopsy. The animal was killed 
two months after the operation, cultures were taken from the hip joint and micro- 
scopic sections of both femoral heads were made. Similar experiments were done 
on dogs 3 and 5 except that in these two animals the condition was allowed to 
progress further, that is, for three and four months. 

Group B . — Alcohol injected into the periosteum of the femoral neck; periosteum 
also stripped hack from the epiphyseal line to the base of the neck of the femur. 

Rabbit 334 was 2 months old. The right hip joint was exposed and the capsule 
incised transversely. A solution of 95 per cent alcohol was injected into the peri- 
osteum and synovia which surrounded the neck of the femur. A fine knife and a 
small blunt dissector were used to strip the soft tissues from the head back to the 
base of the neck. Closure of the wound was made by means of interrupted fine silk 
sutures. Roentgenograms were taken immediately after the operation and again 
at the time of the autopsy, two weeks later. Cultures were taken from the synovial 
fluid and from the tissue fluids of the synovial membrane. At this time the upper 
ends of both femurs were removed for gross and microscopic e.xamination. Three 
other experiments of the same type were performed on rabbits 218, 358 and 396, 
the first animal being killed after two and one-half months and the other two after 
four months. 

Group C. — Round ligament ligated ivith silk suture; periosteum stripped from 
the neck; silk ligature placed around the neck. 

Rabbit 384 was ZYz months old. The femoral head was exposed as in the pre- 
vious experiments. By pulling the great trochanter laterally the round ligament 
was stretched enough to allow the head of the femur to be subluxated. By means 
of a small curved suture carrier a heavy silk ligature was made to encircle the 
round ligament and was tied around that structure. Then a circular incision was 
made through the periosteum at the junction of the head and neck, and the peri- 
osteum along with the reflected portion of the synovial membrane was stripped 
back to the base of the neck of the femur. A silk ligature was placed around the 
neck to insure the interruption of all of the blood vessels in the periosteum. The 
wound was closed in the usual manner. Roentgenograms were taken after the 
operation and again at autopsy, three and one-half months later. At the autopsy, 
cultures were taken from the hip joint, and the upper ends of both femurs (the 
normal hip and the one operated on) were removed for gross and microscopic 
e.xamination. Ten similar e.xperimenfs were performed on animals 16, 225, 335, 
338, 384, 365, 367, 399, 26 and 358. The first four were killed after two and onc- 
half months, the next two after three months, the next two after four months and 
the last two after four and one-half months. 


RESULTS 

Group A. — In the three dogs comprising this group there were no 
disturbances in the growth of the head or neck of the femur. Jtxaminn 
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tion of the gross specimens showed a moderate amount of fihrosis and 
thickening of the synovial membrane. The anterior portion of the joint 
eapsule was adherent to the periosteum of the neck. Tlic histologic 
pictures of the femoral heads showed nothing of importance. There 
was some thickening and fibrosis of the periosteum of the neck at the 
sites where the injections of alcohol had been made. 

Group B. — ^There was no gross evidence of disturbance of growth 
in any of the cases in this group. In the first case the autojisy was per- 
formed two weeks after operation, and the sections showed that vascular 
fibrous tissue and periosteum had already grown across the surface of 
the neck which had previously been denuded. In the other three cases 
microscopic examination of the joint cartilage showed areas in which 
the cartilage cells were crowded together and had lost their orderly 
arrangement. The crowding of cells appeared to be due to the loss of 
matrix. In a few places, the matrix showed swelling and fibrillation. 
few cartilage cells stained poorly, showing a marked contrast to the 
deeply stained cells in their immediate neighborhood. The bone tra- 
beculae showed a few small areas in which the cells were necrotic, but 
otherwise there was no change. The bone marrow appeared fatty and 
contained only small numbers of myeloid cells. The epiphyseal cartilage 
plates were not abnormal. Except for a moderate increase in the fibrous 
tissue of the periosteum nothing unusual was observed in the micro- 
scopic sections of the femoral necks. 

Group C. — In the nine cases of this group the round ligament was 
ligated with a silk suture and the periosteum stripped back from the 
head to the base of the neck. In addition, to insure obstruction of all 
of the periosteal blood vessels, a silk ligature was tied about the neck. 
In ever}' case except one, examination of the gross specimens revealed 
evidence of disturbance of the growth of the head. The round ligaments 
uere smaller than normal and apparently fibrosed. In six of the cases 
the head appeared flattened and in places the cartilaginous surfaces were 
roughened and depressed. In the other three cases the cartilaginous 
surfaces appeared regular in outline, but apparently were thinned in 
places. In two of the latter cases, there also was gross evidence of 
early ostearthritic roughening of the bone at the margins of the head 
of the femur. 

The microscopic observations in all cases of group C were similar, 
and a resume of these changes in a typical case is given: The cartilage 
of the head showed an irregular surface and a lack of uniformity in 
icmess (fig. 4 A, B and C). The average thickness was about two 
ir s of the nonnal. In a few places, the cartilage was absent, leaving 
le underlying bone exposed (figs. 4 B and 5' C). There were 
numerous foci in which the nuclei of the cartilage cells were stained only 
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f.'iiinJy will] co.siii or not staincfl at all {i'lg. 5 A and B). Such unstained 
nuclei undoubtedly indicalcfl death of cells, d'lie cartilage matrix .showed 
marked variation in its .stain, having normal areas of light blue inter- 
mingled with areas of red, JM'agment.s of red-stained tissue debris, 
apparently derived from cartilage matrix, were found on the surface 
of the cartilage, as well as in its substance (fig. 5 A and B). Many of 
the bony trabeculae of the head were irreg'ular in size and .smaller than 
normal. In places these trabeculae were absent, having been rc]daccd 
by fibrous tissue or cysts (fig. 4 C). Jn many places, especially beneath 
the cartilaginous surface of the head, the bone cells were either partly 
or completely deg'enerated (fig', 5 B ajid C). Jn a few areas, not only 
were the bone cells necrotic, but tlic bone matrix had assumed a granular 
crumbly appearance with roughened edges (fig. 6 A). 7'he bone marrow 
was fibrosed more tlian normal. Jn one section (fig. 6 A) there were 
two large cysts, one of which was in an early stage of formation and 
had an irregular bit of necrotic bone in the center and another bit at 
the edge. 7'horc was a slight degree of fibrosis along the wall. 7'he 
other cy.st was well lined by a tliiclc layer of fibrous tissue which was 
partly hyalinized and, in part, very cellular. Jn one portion of the 
cellular area could be .seen transformation of the fibroblast-like cells into 
typical new bone and, in another portion, into typical hyaline cartilage 
(fig. 6 A, B and C). 7'he bone marrow of the neck was largely fatly, 
being in marked contradistinction to that of the normal femur which 
was more cellular. The cultures which were taken from the hip joints 
did not show any evidence of bacterial growth. 

COMMENT 

In the experiments under group A attempts were made to jiroducc 
osteochondritis by the method of Bentzon, that is, by the injection of 
alcohol into the periosteum of the neck of the femur. No important 
changes were observed. 7'he bone and cartilage remained normal, and 
there was no flattening' or fragmentation of the head. 7 he epiphy.seal 
cartiitiges and the femoral necks were in no way different from those 
of the control hips of the opjrosilc side. 

In the ca.ses of group B, the i)crio.sleum and the reflected portion of 
the synovial membrane was .strij)ped from the chondro-osseous margins 
of the Iiead to the base of tbe neck. Alcohol was injected into the 
periosteum in order to increa.se the amount of fibrosis and to delay the 
formation of a new vascular suj)pl 3 e Micro.scopic sections of those c.ises 
sliowed nothing- of importance except for a few very small areas o 
aseptic necrosis of bone. yVpparentl}' the circulator}’ embarrassment uas 
sufficient to cau.se only a limited amonnt of necrosis, wliicb was rejsir.i > e 
without gross changes in the head. 
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In the last group of cxi)crinients (group C). the j^eriosleuni was 
stripped from the neck as in the preceding cases, and in addition llie 
round ligament was tied with a silk suture. Since the epiphyseal car- 
tilage plates were intact there followed, necessarily, a severe interru])tion 
of the blood supply to the femoral head. In the first exjK'riment of 
group B. it was seen that new blood vessels had bridged the gap in the 
periosteum after two weeks. Therefore, in the experiments in groujr C, 
it was believed that the circulatory deficiency of the head lasted for only 
the short period between the time of ojierative interference and the 
time when the collateral supply became efl’cctive. 

The results of the circulatory disturbances were quite constant in 
all of the cases in the last series. In all of the animals except one, gross 
examination revealed roughening and slight flattening of the head. In 
this exception (dog 16, fig. 3 A and B) gross examination showed 
nothing particularly abnormal; there was no deformity of the head, and 
the articular cartilage was smooth and of almost uniform thickness. 
Microscopic examination, however, showed that practically all of the 
bone cells of the head rvere necrotic and that the hone marrow, which 
consisted largely of fatty tissue, also was necrotic. These changes were 
interpreted as the early stages of massive aseptic necrosis. We believe 
that flattening and fragmentation would have followed, provided the 
condition had been allowed to progress for a longer period of time. 

Microscopic examination of the other cases in group C showed 
uniform pathologic changes. The characteristic changes in the head 
were patchy, aseptic necrosis of the bone, accompanied by a few areas 
of necrosis of the articular cartilage. Active repair of bone and cartilage 
was seen bordering on the areas of necrosis. As the result of weight- 
bearing on the affected bone, the heads showed gross roughening and 
flattening of the articular surfaces. Of particular interest were the well 
defined cystic spaces which were found in the marrow cavities. Appar- 
ently these cystic spaces represented areas of degeneration of medullary 
- bone or of the marrow tissues. 

CONCLUSIONS 

Vascular disturbances of the head of the femur were produced in 
animals by ligation of the round ligament and by stripping the perios- 
teum from the neck of the femur. 

Several months following these procedures the femoral heads showed 
^ross and microscopic changes which were similar to those found in the 
uiinan disease known as Legg-Calve-Perthes’ disease or osteochondritis 
of the head of the femur 
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One of the essential factors in the healing of any fracture is a good 
and free supply of blood. This was first emphasized by Hilgeneiner,^ 
Bier ^ and others, who advised the institution of measures to promote 
passive hj^peremia in an effort to increase the variable phenomena 
usually present in all fractures. Leriche - has shown that following any 
injury, a reflex vasoconstriction occurs which is soon followed by 
vasodilatation about the area of the initial trauma. If, however, a 
periarterial neurectomy or a ganglionectomy is performed, the primary 
contraction of the involved vessels is followed within a few hours by 
a vasodilatation of the arterial tree and a marked increase in the blood 
volume. If these procedures produce an active hyperemia, they should 
then have a field of usefulness in the treatment of certain groups and 
types of fractures. Much experimental work has been recorded in ' 
recent years dealing with the effect of ganglionectomy and periarterial 
neurectomy on the healing of fractures. 

Palma ® performed a series of experiments on twelve adult rabbits 
from 12 to 18 months old. Both radii were fractured, and the lower 
cervical sympathetic ganglion was removed on one side. The results 
in the control series and in that in which the fractures were treated by 
means of ganglionectom}'^ were widely different. Both roentgen and 
histologic examinations indicated an acceleration of the normal processes 
of repair on the side subjected to ganglionectomy. Marked connective 
tissue proliferation was observed five days after the fracture, whereas 
the control side showed little or none. The transformation of the callus 
from fibrous tissue into cartilage was almost completed by the tenth 
da 3 ^ whereas it scarcely appeared on the control side. Some small 

From the Department of Surgical Patholog>’, College of Physicians and 
Surgeons, Columbia Universitj', and the Department of Roentgenology of the 
Presbyterian Hospital. 
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zones of atliih bone tissm- cmibl bo <listini:uisbo(l on tbc synipntboctf)- 
mized side within fiflecit days, while the callus on llie control side was 
merely cartilat;inons. 'i'wenty days from the date of fracture, the 
cartilage on the eNperiinent.al side had completely ch.angerl into bone, 
whereas on the control side there were small islands of bone insteacl. 
and the callus was still mainlv cartilaginons. 'I'he resorption of callus 
on the experimental side was well advanced by the thirtieth day. whereas 
it had hardly started on the control side. 'I'he ]>rocess of ossification 
on the sympathectoinized side was practically completed by the forty- 
fifth day; that on the control side was one stage le-s advanced, owing 
to the presence of bridges an<l islands of bone in the medullary c.'dlns 
which had not as vet been .absorbed, rahna concluded that ganglionec- 
tomy accelerated the ])rocess of callus formation and transformation 
about the fracture by inducing a greater blood supply in the entire 
vascular territory involved. 

Uno ^ excised the abdominal sympathetics between the second 
lumbar and the second sacral vertebra on the right side and fractured 
both fibulae. Callus formation and he.aling of fractures were more 
marked on tlie ganglioncctomized side. Ivlcvcn of twelve cases .showed 
definite evidence of the formation of new vessels and a dilatation of 
the vascular tree with a marked hyjieremia. W hen the fractures of 
ganglionectonnzed animals were compared with a series in which 
periarterial sympathectomy had been iterformed. the bony union was 
found to be more marked in the former. 

Horton and Craig ^ noted a definite increase in vascularity in the 
arterial tree of the lower extremity in which the sympathetic innerva- 
tion had been interrupted by unilateral sympathectomy, ganglionectomy 
^>id ramisectomi-. This change was not apparent in an experimental 
animal in which a periarterial sympathectom}- neurectomy was per- 
formed on the left femoral artery for 5 cm. The stereoscopic x-ray 
ms made six days later on the dead animal were produced by injecting 
f e arterial tree with mercury under its own weight. 

Cffreduzzi conducted a series of experiments on young rabbits. 
6 produced bilateral symmetrical fractures of the ulna, and performed 
a periarterial sympathectomy for about 2 cm. of the axillary and upper 
portion of the humeral arteries. Roentgen and histologic observations 
o the processes of repair were made on the sixth, twelfth, twentieth, 
mutieth, fortieth and fiftieth days. 

It \\as noted on the twelfth day that the callus on the sympathec- 
oinized sid e was more abundantly vascularized. By the twentieth day, 

T Uno; Arch. f. jap. Chh. 3:106, 1926. 

(Aug f)°'^i999 ^' ‘^-^0 

6. Uffreduzzi, O.; .Arch, ed atti d. Soc. ital. di chir. 31:1, 1924. 
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the ossification oT the fibrocartilaginous tissue and the calius was 
noticeably fai advanced, and b}^ ilic thirtieth day, no traces of cartilage 
were visible. Roentgenograms of the sympathectomized side taken on 
the fifteenth day showed visible callus which was not apparent on the 
control side. This callus had increased in size on the twentieth day. 
Both roentgen and histologic examinations made on the forty-fifth and 
fiftieth days showed that ossification was taking place. The fusion of 
the newly formed bone with the fragments took place first on the side 
that had been synipathectomized, and, in addition, the ossification of 
the young bone proceeded more rapidly. Sections made on the fortieth 
and fiftieth da3's showed that the original callus had been transformed 
into dense compact bone similar to the old bone from which it could no 
longer be distinguished and with which it bad intimately fused, whereas 
on the other side it still I'emained somewhat spongy and vascularized. 
Uffreduzzi concluded that periarterial sympathectomy seemed to stimu- 
late and accelerate the normal rate of callus development and 
transformation. 

Fontaine " performed several experimental studies on dogs. He 
symmetrically fractured the first metatarsal bones of two animals and 
performed a periarterial sympathectomy on the right side. He 
removed different segments of the fractured areas on the twentieth day 
and found that the fractures of both dogs were united and callus was 
well developed on the sympathectomized side. However, on the control 
side, the callus was much less pronounced, and abnormal mobility was 
still marked. In a third dog, a bilateral transverse fracture of the tibia 
was produced, and the fragments were held with bronze wire. 
Sympathectomy was performed on one side. Twenty-three days later, 
after the piece of wire had been removed, the side subjected to sympa- 
thectomy showed advanced union with good callus formation. No 
union existed on the control side. 

Excision of the sympathetic ganglion is undoubtedly a more effective 
operation and is probably followed by better results than periarterial 
neurectomy. However, ganglioncctomy is more difficult and liazardous, 
and it is extremely doubtful whether its application in fractures would 
be justifiable if simpler measures might prove almost as efficacious. 

It was our purpose not only to determine the effect of periarterial 
sympathectomy on the healing of fractures of the leg, but also to ascer- 
tain whether evidence of vasodilatation could be demonstrated b}' injec- 
tions of the arterial tree with a radiopaque substance. Histologic 
examinations were not made because this phase has been completely 
studied and confirmed bj' other observers and because roentgenologic 
findings alone are sufficiently .satisfactory for the demonstration of 
the healing of bone and changes in vascularih'. 


7. Fonmiric. R. : Rev. dc ctiir. 64:95, 1926 . 
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Accordingly, a series of experiments was conducted on twenty dogs, 
but, owing to accidents of various kinds, only ten animals survived long 
enough to make the experiment complete. 

TECHXIC 

The main procedure consisted of simultaneously fracturing with a chisel both 
tibiae transversely at similar locations and then performing a unilateral femoral 
periarterial sympathectomy for 5 cm. of the vessel in Scarpa’s triangle, the other 
extremity remaining as a control. Either 3 or 5 cc. of radiopaque iodized rape- 
seed oil® was injected into each femoral artery under direct vision. The entire 
vascular tree could easily and reliably be visualized by this procedure. 

Roentgen studies of the fractures and freshly injected arterial system were 
made at regular intervals. Studies were made of the radiopaque vessels before 

Table 1. — Studies on Changes in J'ascniarity * 
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*0 mdicates no change; an increase; — , diminished, and n.c., not comparable. 


sympathectomy and before fracture. Similar studies were repeated after fracture 
and sympathectomy, and again at from seven to ten day intervals, and for varying 
periods up to ten weeks for vascular studies, and six months for the healing of 
bone. 

The radiopaque substance used for injection was a heavy liquid consisting of 
4 parts iodized rape-seed oil, with a specific gravitj' of 1.289, and 1 part of ethyl 
olive oil, making a specific gravity of 1.061. 

It took considerable time and efifort to so standardize the method of 
injection that satisfactory roentgenograms of the injected arterial tree 
could be regularly obtained. Attempts were made always to inject a 
uniform amount of iodized rape-seed oil at the same rate of speed in 
each experiment, ^^^hen half of the oil had been injected, roentgen 
exposures w ere made while the remainder of the substance was being 

8. Frazier, C.; Ann. Surg. 89:801 (June) 1926. 



662 


/iRCmVES OP SURGIiR] 


injected. One great technical difficult}' was caused by the fact that a 
needle of considerable bore had to be employed because of the viscosity 
of the iodized ra])e-seed oil. When injections had to be repeated on- 
the same S3’mpathectomized artery, the large needle would occasionally 
damage the wall of the neurectomized vessel, resulting in fatal 
hemorrhage. 

A study of tables 1 and 2 and the protocols will reveal that the 
experimental procedure varied in details, especially as far as the time of 
the arterial injections were concerned. This was done to make every 
effort carefully to control the experiment. While the protocols are 
given in detail, the results of these experiments can best be appreciated 
by a stud}' of tables 1 and 2, respectiA'eh'. 


Table 2. — Studies on Callus and Bony Union 
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Protocol 1 (dog 10598). — Expcriincntation. — Oct. 24, 1930: The right femoral 
artery was exposed in Scarpa’s triangle and 5 cc. of iodized rape-seed oil was 
injected into it; roentgenograms of the lower extremity were then taken. 

The left femoral artery was similarly exposed ; 5 cc. of iodized rape-seed oil 
was injected, and roentgenograms of the extremity were taken. 

October 28 : The left femoral artery was again exposed in Scarpa s triangle 
and sympathectomized for 5 cm. of its extent; S cc. of iodized rape-seed oil was 
then injected. Roentgenograms were then taken. 

The right femoral artery was then similarly e.xposed ; 5 cc. of iodized rape-sec 
oil was injected, and roentgenograms were taken. 

November 14 : The right and left femoral arteries were again e.vposed, cc. 
of iodized rape-seed oil being injected into each. Roentgenograms o cac 
extremity were then taken. 

November 28: The right femoral artery was exposed in Scarpa s 
a sympathectomy was then done for a distance of 5 cm. Roentgenograms v 
then taken. 
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December 4 : The animal died of secondarj- infection of a hematoma aljout the 
sites of the wounds. The tibial vessels of both sides were dissected out, and no 
gross difference was detected. 

Studies of Roentgenograms.— Oa. 24, 1930: The injection of the left femoral 
arterv was unsuccessful, but that of the right femoral arter>- was satisfactorj-. 

October 28 ; The left vascular bed was greater than that of the right side and 
was increased over that of October 24. 

The right vascular bed was increased over that of October 24. 

November 14 : The left vascular bed, the s>-mpathectomizcd side, was definitely 
increased over that of the right side, and over that ot October 2fe. 

The right vascular bed remained unchanged from that of October 28. 

November 28 : After sympathectomy, the right vascular bed showed no change 
over the previous obseiwation. 



Fig. 1 (dog 10685). — Both legs were fractured. Sympathectomy was performed 
on the left side. Both femoral arteries were injected with iodized rape-seed oil. 
Many more small arteries are visible on the left than on the right. 

Comment . — On referring to figures 6 and 7, it is seen that the richness of the 
vascular bed and the increase in the number and the caliber of the arteries are 
quite evident on the side of the sympathectomy (left leg). 

Protocol 2 (dog 10609). — E.vpcrimentation. — Oct. 31, 1930: The left femoral 
artery was e.xposed in Scarpa’s triangle and 5 cc. of iodized rape-seed oil was 
injected ; then roentgenograms of the lower e.xtremity were taken. A periarterial 
sj mpathectomy was then done on the left femoral artery ; 5 cc. of iodized rape-seed 
oil was injected, and roentgenograms were taken. A lateral ligature was necessary 
to control the bleeding from the arteo' at the site of the needle puncture. 

The right femoral artery was e.xposed in Scarpa’s triangle. 5 cc. of iodized rape- 
seed oil was injected, and roentgenograms of the right lower e.xtremitj- were taken. 



664 ARCHIVES OF SURGERY 

Each tibia was then fractured by a chisel, through incised wounds at similar 
levels. 

Aoveniber 10: The left femoral arterv' was again exposed in Scarpa’s triangle, 
and 5 cc. of iodized rape-seed oil was injected, and roentgenograms were taken. 

The right femoral artery was again exposed, and S cc. of iodized rape-seed oil 
was injected, and roentgenograms were taken. 

The left femoral artery was irretrievably damaged, causing an immediate fatal 
hemorrhage. After death, 3 cc. of iodized rape-seed oil was injected into each 
femoral artery, and roentgenograms were taken. 



Fig. 2 (dog 10685). — Roentgenograms taken twenty days after those in figure 1. 
The union is almost perfect on the left side. The right leg (control) shows callus, 
but the line of fracture is not obliterated. 

Study of Roentgenograms. — Oct. 31, 1930: The vascular bed on the left side 
before sympathectomy was slightly less than on the right side, but after the sym 
pathectomy it was definitely greater. The left femoral artery, while not dilate , 
was larger in caliber than the right. 

The fractures were found to be comparable. 

November 10 : There was a distinct increase in vascularity on the left side over 
the previous observation on Octoljer 31. The right side showed no change when 
compared with the observation of October 31. 
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On the left side there were no union and some displacement of the fragment. 
There was evidence of beginning callus formation along the ends of the fragments. 

There were no displacement of fragments and no callus formation on the right 
side. 

Com 7 ncnt,— The findings on the left side, when compared with those on the 
right side, seem to prove that the vascularity on the sympathcctomizcd side was 
definitely increased. 

The sympathectomized side alone showed callus formation. Bony union was 
not determined, as the animal died too soon. 

Protocol 3 (dog 10G12).— Experimentation.— Now 18, 1930; The right tibia 
was fractured through a small incised wound at the junction of the upper and middle 



Fig. 3 (dog 10685). — Roentgenograms taken about two and one-half months 
after those in figure 2. There is complete healing on the left side. The right leg 
shows considerable callus. The fracture line is still unobliterated. 

thirds. The right femoral artery' was exposed in Scarpa’s triangle, 3 cc. of iodized 
rape-seed oil was injected, and roentgenograms of the right lower extremity' were 
taken. 

The left tibia was fractured at approximately the same site as the right. The 
left femoral artery was exposed in Scarpa’s triangle, 3 cc. of iodized rape-seed oil 
was injected, and roentgenograms were taken. A sympathectomy was then per- 
formed on the left femoral artery'. The vessel immediately' contracted. 

November 28; Roentgenograms of both lower extremities were taken. 

December 5 ; The wounds of both sides were healed. 

The right femoral artery was again exposed in Scarpa’s triangle, and was found 
to be embedded in organized fibrous tissue. Three cubic centimeters of iodized 
rape-seed oil was injected, and roentgenograms were taken. 
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The left femoral artery was then exposed and was found to be similarly 
embedded in organized adhesions. Three cubic centimeters of iodized rape-seed oil 
was injected, and roentgenograms were taken. A large hemorrhage resulted from 
the site of the injection, necessitating ligation of the artery and vein before it could 
be controlled. 

December 12 : Roentgenograms of both lower extremities were taken. The 
general condition of the animal was good, though the animal was unable to bear 
weight. 

December 22 : Roentgenograms of both lower extremities were taken. 

April 20, 1931 ; The dog died. 

Study of Rocntpciiograiiis. — Mov. IS, 1930; The left (sympathectomized) side 
showed a greater vascular bod than the right. The fractures were practically 
similar. 

November 28: No injection was made. 

The fracture remained similar. There was moderate callus on the left side, but 
none on the right side. 

December 5 : The left vascular bed showed an increase in general over the 
original observation of November IS. 

The right side showed an increase in vascularity about the site of fracture, but 
not elsewhere. The left side, compared with the right, showed a marked increase 
in vascularity, especially about the fracture site. 

The left side showed no increase in callus. The right showed beginning callus 
formation, which was debnitely less than that on the left side. 

December 12 : There was marked callus on both sides, with a greater amount 
on the left side. The left side showed complete union, while the fragments of the 
right side were not united. 

December 22; The left side showed a further increase in callus, with complete 
union. There was no change in the callus on the right side and no further union. 

Comment . — This experiment again illustrates the decided increase in the vascu- 
larity of the left leg. 

Within a three week interval, there was slight callus on the right side, but 
more callus on the left; furthermore, within a month’s interval no bony union bad 
taken place on the control side (right), and on the left side a firm bony union 
had already been established. 

Protocol 4 (dog 10625). — Experimentation. — Nov. 21, 1930; The right and 
left, tibiae were fractured by a chisel through small incised wounds at similar levels. 
The right femoral artery was exposed in Scarpa’s triangle, 3 cc. of iodized rape- 
seed oil was injected, and roentgenograms of the lower extremity were taken. A 
sympathectomy was performed on the left femoral arter 3 " for 5 cm. of its extent, 
after the left femoral artery had been exposed, given an injection and x-ray similar 
to the right. 

November 28 and December 5 : Roentgenograms of both e.vtremities were 
taken. 

December 19 : The left femoral artery was again e.xposed in Scarpa's triangle, 

3 cc. of iodized rape-seed oil was injected, and roentgenograms were taken. The 
right femoral arterj^ was similarlj^ exposed, 3 cc. of iodized rape-seed oil nas 
injected, and roentgenograms were taken. 

Jan. 6, 1931 : Both femoral arteries were again e.xposed, 3 cc. of iodized rape- 
seed oil was injected into each vessel, and roentgenograms were taken. 

Afarch 10: Both femoral arteries were e.xposed and separateh' given injections 
of 3 cc. of iodized rape-seed oil, and roentgenograms were taken. 



607 


COLP ET AL.—SVMPATHECTOMV IN PRACl'URES 

Studies of Rocutgcwgrauis.-Nov. 21, 1930: The right vascular bed was 
slightlj- greater than the left before sympathectomy. The fractures were not com- 
plete, but were similar and comparable. 

November 21 and December 5: The fracture line on the left was almost 

obliterated. 

On the right there was a small amount of callus. 

December 12: The vascular bed after s\-mpathectomy was greater on the left 
side than on November 21, and was more marked than on the right side. 

On the right side, there was no change over the observation of November 21. 
There was complete union on the left side. On the right side there was more 
callus, but partial union. 

December 19 : There was no change over the observation of December 12. 



Fig. 4 (dog 10625). — Both tibiae were fractured. Sj'mpathectomy was per- 
formed on the left. Note the richness in vascularity on the left side. The fracture 
line of the left tibia is not clearl}' shown here owing to underexposure. 

Jan. 6, 1931 : The left side showed a marked increase in vascularity which was 
greater than that on the right side. The right side showed a diminution in vascu- 
larity when compared with that of December 12. The left showed complete union. 
The right showed more callus but no union. 

March 10: The injections were unsatisfactory and inconclusive. Both frac- 
tures were well healed, but resorption was more complete on the left. 

Couuncut . — Three weeks after the left leg was sympathectomized, there was a 
decided increase in vascularity on that side. Note the complete bony union on the 
left in figures 4 and 5. 

Findings during one-half and six week intervals showed more callus produced 
on the right. However, there was complete bony union on the sympathectomized 
side and only fibrous union on the control side. 
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PiiOTOcot, S (clop 10678). — E.vpcniiicnlalioii. — J;iii. 13, 1931 : TIic riplit and left 
tibiae wcic fractured by a chisel tbronpli small incised wounds at similar levels. 
The jipbl femoral arlerj' was exposed in Scarpa’s triangle, 3 cc. of iodized rape- 
seed oil was injected, and roentgenograms of the extremity were taken. 

1 be left femoral artery was similarly exposed, 3 cc. of iodized rape-seed oil was 
injected, and roentgenograms were taken. Sympatbectomy was then performed on 
the left femoral artery for 5 cm. of its extent. 

January 27 : Ifotli femoral arteries were again e.vposcd in Scarpa’s triangle, 
3 cc. of iotlized rajjc-sced oil being injected into each. Koentgenograms were taken. 
’Ibcre was a considerable amount of reaction about the sites of fracture, with a 
scropiirulent discharge. 

February 3: Roentgenograms of both lower extremities were taken. 



Fig. 5 (dog 10625). — Roentgenograms taken six weeks after those in figure 4. 
There is a marked increase in vascularity on the side of sympathectono'- Union is 
more complete on the left. (Unfortunately the injected main right arteries are 
not included in tlic print. The original films show them to he etpially injected 
and coiniiarablc.) 

February 17; Roth femoral arteries were exposed, 3 cc. of iodized rape-seed oil 
was injected, and roentgenograms of the lower extremities were taken. 

March 3 : Both femoral arteries were again e.xpo.sed in Scarpa’s triangle, 3 cc. 
of iodized rape-seed oil was injected, and roentgenograms were taken. 'I lie dog 
was chloroformed on this date. 

Study of Rornltjcnoffrain.'!. — Jan. 13, 1931 ; The vascular beds of botli sides 
were jiracfically the same. The fractures were similar and comiiarahle. 

January 27: On the left (sympathcctomized) side the vascular bed was 
decided^' increased over that on the right, and also over the original vascularity on 
the left side on January 13. The increase was esfiecially about the fragments. 

On the right side the vascular bed was increascfl over the observation of 
January 13, especially about the fragments. 
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Februarj- 3 : Both sides showed an equal amount of callus ; there was no evi- 
dence of union. 

Fehruarj' 17 : The vascular hed on the left showed a general increase over that 
of Januarj- 27, and was decidedly greater than that on the right side. Some of the 
vascularities showed an increase in caliber. 

The vascular bed on the right showed an increase only about the site of 
fracture. 

Both sides showed a definite increase in callus. The density and amount were 
greater on the left side, which also showed partial union. 

March 3: The vascular beds remained unchanged over Januarj- 27, with the 
left side being greater than the right. 

The left side showed an increase in callus and complete union. The right side 
showed a slight increase in callus and no union. 

Comment . — Observations noted in three consecutive periods (table 1) seemed 
to show that there was a marked increase in the vascular beds on the sympathec- 
tomized side. It also was observed that the increase in vascularity was more 
pronounced in later experiments. 

There was a considerable amount of callus about the fragment of the tibia in 
both legs, but it was more pronounced on the left, where the sj-mpathectomj- was 
performed. Observation was continued at twentj-, thirtj--five and fiftj- daj- inter- 
vals. At no time was there any evidence of union on the right side. Union com- 
menced on the thirty-fifth day on the left side, and became complete in less than 
two months. 

Protocol 6 (dog 10685). — E.vpcrimcntation. — ^Jan. 20, 1931: The right and 
the left tibiae were fractured by a chisel through small incised wounds at similar 
levels. The right femoral artery was exposed in Scarpa’s triangle, 3 cc. of iodized 
rape-seed oil was injected, and roentgenograms were taken. The left femoral 
arterj- was similarly e.xposed, 3 cc. of iodized rape-seed oil was injected, and roent- 
genograms were taken. A sympathectomj- was then done on the left femoral 
artery for 5 cm. of its extent. 

Januarj' 27 : Roentgenograms of both lower extremities were taken. 

Februarj’ 3 and 10 : Both femoral arteries were exposed, 3 cc. of iodized rape- 
seed oil was injected, and roentgenograms were taken. 

Februarj' 24, March 31 and April 7 ; Both femoral arteries were exposed in 
Scarpa’s triangle. Three cubic centimeters of iodized rape-seed oil was then 
injected into each, and roentgenograms of the extremities were taken. 

Studies of Roentgenograms.- — Jan. 20, 1931 : There was no difference in the 
vascular beds of either side. The fractures were similar and comparable. 

January 27 : There was slight callus on the left side. On the right side there 
was no callus, and there was a slight separation of the fragments. 

Februarj' 3 : The vascular beds about tbe fragments were equallj' increased on 
both sides. There was no change on the left side with partial union. On the right 
side there was slight callus, without union. 

Februarj’ 10 : There was complete union on the left, with an increase in callus. 
On the right there was no union. The callus was increased and was greater than 
that on the left. 


February 24 : On the left the injection was unsuccessful. On the right there 
was a definite increase in vascularity over Februarj' 3. 

There was complete union with an increase in callus on the left. On the right 
there was no union. The callus was increased. 


March 31: There was a definite increase in 
of the right and left sides on Februarv' 24. 


vascularity over the observation 



670 ARCHIVES Of SURGERY 

Oil the rig’Iil side, injection was unsuccessful, and tlic experinicnt was therefore 
not comparable. 

Tlic fracture line on the left side was obliterated. On the right, callus was 
increased, but there was no union. 

April 7 : The vascularity on the left side was greater about the fragments when 
compared witli that side on March 31, and was greater than that on the right side. 

The vascularity on the right side was diminished when compared with that on 
the right side on February 3. 

Callus was slightly increased on the left, but was less than on the right. There 
was complete union, with obliteration of the fracture line. 

The right side was unchanged. There was no union. 

Comvicnt. — At consecutive observations of two weeks, two months and two and 
a half months, the roentgen findings definitely showed an increase in vascularity 



Fig. 6 (dog J0S9S). — Sympathectomy was performed on the left side. Note the 
relative richness in vascularity on the left side. 

and dilatation of the capillary bed on the sj'mpathectomized side. It is interesting 
to note that the vascular bed on the control side diminished considerably by tiie 
time of the last observation (figs. 1, 2 and 3). In addition, there was complete 
bony union on the side that had been sympathectomized, and there was no union on 
the control side. 

Protocol 7 (dog 10764). — E.rpcriiiieiitatioii. — March 3, 1931 : The right and 
left tibiae were fractured by a chisel through small incised wounds at similar lei els. 

The right femoral artery was exposed in Scarpa’s triangle, 3 cc. of iodized rape 
seed oil was injected, and roentgenograms of the lower extremity were taken. 

The left femoral artery was similarN exposed, 3 cc, of iodized rape-seed oil was 
injected, and roentgenograms were taken. _ . 

A sympathectomy was then done on the left femoral artery for a distance 
5 cm. 

March 10: Roentgenograms of both lower e.xtrcmities were taken. 
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March 17: The left femoral artery was again exposed in Scarpa’s triangle. 
While injecting the iodized rape-seed oil, the vessel ruptured, necessitating ligation 
to control the hemorrhage. Three cubic centimeters of iodized rape-seed oil was 
injected after this, and roentgenograms were taken. 

The right femoral arterj- was exposed and ligated, and then 3 cc. of iodized 
rape-seed oil was injected. Roentgenograms were taken. The animal was then 
chloroformed. Specimens of the fracture sites were removed. Tiie right side 
showed fibrous union, and the left side showed solid union. The femoral and tibial 
arteries were examined. The vessels of the left side were more dilated than those 
of the right side. 

Studies of Rocutgciiograius . — March 3, 1931 : The left vascular i)cd fsym- 
pathectomized side) was greater than the right. Both fractures were incomplete 
but comparable. 



Fig. 7 (dog 10598). — Roentgenograms taken two weeks after those in figure 6. 
There is a further increase in vascularity on the left side. 


Alarch 10; There was no evidence of callus, and there was no change in the 
fractures. 

Alarch 17 ; The vascular bed on the left was definitely increased over the 
original observation. 

The injection was unsuccessful on the right side. 

There was evidence of callus on the right but none on the left. 

CoMimenf.— Two weeks after the control pictures were taken, the sympathec- 
tomized side presented a marked increase in vascularity. On the right side, how- 
ever there was very little increase in the vascular bed. These findings ’ again 
emphasize that there appears to be a definite relation between vascularity and 
sympathectomy. 


\'o deductions can be drawn on the question of callus and bony union 
the animal had to be chloroformed after two weeks of observation. 


because 
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Protocol 8 (clog 10789).— /:.r/>rn;;;cH/fr//o;;.— March 10, 1931: The right and 
left tibiae were fractured by a chisel through small incised wounds at similar levels. 
The left femoral artery was e.xposed in Scarpa’s triangle, and a sympathectomy 
was done for a distance of 5 cm. 

March 24 : The left femoral artery was again exposed in Scarpa’s triangle, and 
3 cc. of iodized rape-seed oil was then injected. Roentgenograms of the lower 
extremity were then taken. 

The right femoral arlerj’ was similarly exposed, 3 cc. of iodized rape-seed oil 
was injected, and roentgenograms were taken. 

April 7 ; Each femoral artcrj’ was exposed, 3 cc. of iodized rape-seed oil was 
injected, and roentgenograms of the lower extremities were taken. 

June 24 : The animal died while being used for other experimental work. 



Fig. 8 (dog 10S92 ). — Both legs were fractured. The left side was sympathcc- 
tomized. Compare with figure 9. 

Sfiidies of Roentgenograms.— March 10, 1931 ; Both fractures were similar and 

comparable. _ 

March 24: The vascular bed was greater on the left (sympathcctomized) side 

than on the right. 

No callus was present on either side. 

April 7 : The vascularity on the left was increased in amount, especially about 
the fragments, and was greater than that on the right. 

The vascularity on the right was increased over that of March 24. 

There was no increase in callus and bony union on the left side over Afarcli , 
but the callus was greater in amount than that on the right side. There was no 

union. . , 

On the right, there was an increase in callus over the observation ot Marc , 

but there was no union. 
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Cniittiirn !. — AfkT rcpcnlnl '■mdit''-. the iinn'-ympritliccliiiiii/crl side ("the rii;Iit 
leg) failed III shnw any change in 'lie \a<-enlar pietnre. while the left side seemed 
to appear rich in the vavcnlar hed. 

There was ennsidcrahle ealhi-- mi the '•yinpathecti'ini/ed side (left). The study 
of the bony union could not he nceomplivlud, owini; to the ileath of the animal. 

Pkotocoi. 9 (dog lOS'O). — /■r/'ci fun-ci'ii.'ioi:.- -.April 1-1. l‘).il ; The left femoral 
artery was exi>osetl in Scarpa'-- trianele. and a peri.irtcrial symiiathectomy was 
done for a distance of .s cm. 



Both^'d 10892). — Roentgenograms taken two months after those in figure 8. 

uni ®Bow marked callus, particularly on the left side. There is no bony 

on the control (right) side. The left side shows 


es union. 


levels p' "'ere fractured b 3 ' a chisel through small incised wounds at similar 
No ■ Both lower extremities were then taken. 

AprT^2l''*^'°”* iodized rape-seed oil were made in this experiment, 
lower ' t June 2 and 12: Roentgenograms of both 

extremities were taken. 

•August 14 ■ Tti • 1 • 

ne animal died after being used for other experimental work. 

comnlV J^°^’‘^3eiiograms.— April 14, 1931: The fractures of both tibiae were 

■"Plete and comparable. 
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April 21 : The left (synipathectoniizcc!) side showed slight callus about the 
fracture ; there was none on the right. 

April 28: There was marked callus with partial union on the left. On the 
right, there was slight callus, hut no union. 

May 8: On the left, there was mark'cd callus with partial union. On the right, 
there was little callus, hut no union. 

May 22 : The roentgenogram of the left leg was unsatisfactory as the animal 
moved. Oj) the right, there was a large amount of callus, hut no union. 

June 2; There was no change over the previous observation. 

June 12 : 1 here was marked callus on the left, greater than on the right, with 

almost complete obliteration of the fracture line. On the right, there was marked 
callus, hut no union. 

Coininciils. — Observations were carried on at intervals of one and two months, 
during which time there was more callus on the left side than on the right. No 
union had taken place on the right side, but complete union had resulted on the 
left side (figs. 8 and 9). 

Protocol 10 (dog 10893). — E.rf>crimc>ilalioti. — April 14, 1931; The left femoral 
artery was exposed in Scarpa’s triangle, and a sympathectomy was done for a dis- 
tance of 5 cm. Both tibiae were then fractured by a chisel at similar levels, 
through small incised wounds. Roentgenograms were then taken. No injections 
of iodized rape-seed oil were made in this experiment. 

April 21 and 28, May 8, 15 and 22, June 2 and 12 and October 7 and 22: 
Roentgenograms of both lower extremities were taken. 

Studies of Rocutgcnofjrams . — April 14, 1931 : The fractures were complete and 
comparable. 

April 21 ; There was no evidence of healing. 

April 28: The fragments of both fractures showed overriding and separation, 
being more marked on the left side than on the right. 

May 8: The left side showed slight callus and more overriding. 

May 15 : There was no change over the previous observation. 

Atay 22 : Both sides showed a large and equal amount of callus. There was 

partial union on both sides. 

June 2; There was no change over the previous observation. 

June 12: There was a slight increase in callus on both sides. 

October 7 : On the left, the fracture was completely healed, and the fracture 

line was obliterated. On the right, there was a slight deformity. The fracture 
line was still visible, and there was apparent union. 

October 22: There was perfect healing with complete obliteration of the frac- 
ture line on the left side. 

On the right side, there was complete healing, but the fracture line was still 
clearly visible. 

Comment. — This dog was studied at intervals of three weeks, five weeks and 
six months. Both sides showed almost equal amounts of callus. There was no 
bony union at the end of the three week interval, but at the end of si.x months 
there was partial union on the control-side and firm union on the left side, on which 
the sympathectomy had been performed. 

SU JISIARy 

Radiopaque visualization of the arterial tree of the lower extremity 
on which a femoral arterial sympathectomy was performed at Scarpa s 
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triangle revealed an increasing vascularity in all experiments. This 
persisted throughout the longest period of oijservation, that is, ten 
weeks. 

Callus was first detected on the synipathectoniized extremities in five 
dogs, three times on the control extremities, and in one instance, it was 
doubtful. Firm bony union, however, was evidenced sooner on the 
sympathectomized side in all animals surviving a sufficient period of 
observation. Complete bony union, as determined by obliteration of the 
fracture line, occurred only on the sympathectomized extremity and was 
never noted on the control side during the period of observation. 

COMMENT 

The experimental work of others and this study seem to prove that 
periarterial sympathectomy has a physiologic basis for clinical applica- 
tion in the problem of the repair of fractures. In a series of clinical 
cases previously reported,® femoral periarterial sympathectomv in 
Scarpa’s triangle was performed on seven patients with recent fractures 
of both bones of the leg. There was a diminution in time of eleven 
days in obtaining clinical union, and of nineteen days in hospitalization, 
Xo case showed a tendency toward delayed union when compared with 
a control series. In a group of ten cases of dela\'ed union in fractures 
of the lower extremity which were ununited after an average of seventy 
days, clinical union resulted twenty-one da\-s after sympathectomy in 
eight cases. 

CONCLUSIONS 

1. These experiments of femoral arterial injection seem to show 
quite definitely that an increased vascularity results from periarterial 
sr mpathectomy and that this procedure accelerates bony union. 

2. The experimental and clinical evidence seems to justify a further 
trial of this operation in recent fractures, in those regions in which 
delay in union is characteristic and in those fractures in which union 
appears to be delayed. 

9. Colp. R., and Mage, S. : Experiences with Periarterial S 5 -mpathectomv in 
Fractures of the Lower Extremity, J. A. M. A. 97:1069 (Oct. 10) 1931. 
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Pulsating exophthalmos, or retrobulbar arteriovenous aneurysm, a 
lesion first reported by Benjamin Travers in 1809, is a relatively rare 
condition meriting report whenever seen. An average of about five 
cases is reported each )'ear. Harlcness ^ collected six hundred and 
twenty-one cases from the literature in his paper published in May, 
1930. An exhaustive review of the literature is not attempted here, 
that angle of the problem having been dealt with ably by de Schweinitz 
and Holloway,- later by Locke ^ and still later by Harkness. 

Diagnosis of the lesion iisuall)'- may be made from the patient’s 
histor}'' and appearance alone. The history is fairly t3'pical; After 
trauma resulting in a period of unconsciousness, the patient has failure 
of vision or blindness in one eye, unilateral exophthalmos and a rushing, 
roaring sound in the head sjmchronous with the pulse. Palpation of the 
eye commonl}' discloses a thrill, and auscultation, a bruit sj'nchronoiis 
with the pulse. 

Autopsy in these cases usually reveals an opening in the internal 
carotid artery in its course through the cavernous sinus. The lesion 
tends to be progressive rather than tending to a spontaneous cure, 
although some cases apparently have cleared spontaneously (Noland 
and Taylor ■*). 

The time-honored treatment of pulsating exophthalmos has been 
ligation of the artery involved, either abruptly or gradually. Sudden 
ligation of the internal carotid artery is attended with a high percent- 
age of hemiplegia and other evidences of unilateral cerebral damage. 
This has led to ingenious devices for closing the arteiy gradually. An 

From the Cleveland Clinic. 

1. Harkness, G. F. : Intracranial Arterio-Venous Aneurysm, Pulsating Exoph- 
thalmos, Internat. J. Med. & Surg. 43:243, 1930. 

2. de Schweinitz, G. E., and Holloway, T. B.; Pulsating E.xophthairnos : 
Etiology, Symptomatology, Pathogenesis and Treatment, in Diseases of the Lje. 

A Handbook of Ophthalmic Practice, cd. 10, Philadelphia, W. B. Saunders Com 

j}3ny' 1924. > 

i Locke, C. E., Jr.: Intracranial Arterio-Venous Aneurysm or Pulsating 

Exophthalmos, Ann. Surg. 80:1 and 272, 1924. ^ 

4. Noland, L., and Taylor, A. S.: Pulsating Exophthalmos: Result o 

Injury, Tr. South. S. A. 43:171, 1931. 



HAMBV-GARDXER—PULSATIXG EXOPHTHALMOS 


cm 


excellent account of these methods is given by Hanford and liceler. 
Other operators have ligated the common carotid arter\', retrograde 
flow from the external to the internal carotid usually being sufficient to 
prevent cerebral complications. The resunie by Hanford and \\ heeler 
reports 67 per cent of patients cured and S3 per cent cured or improved 
by primary ligation of the internal carotid artery. After ligation of the 
common carotid, 46 per cent of patients were cured, and 64 per cent 
were cured or improved. Locke’s statistics were about the same in 1924. 

In considering a rational treatment for intracranial arteriovenous 
aneurysm, one should take into account the principles of treatment of 
arteriovenous aneurysm elsewhere, as in a leg or an arm. 

PRINCIPLES OF TREATMENT 

Principle I . — The Hunterian principle of ligation of the involved 
artery proximal to the fistula (fig. \ b) has long been recognized as 
inadequate, since collateral circulation promptly bridges over tbe ligature. 
Applied to pulsating exophthalmos, this involves ligating the ipsilateral 
internal or common carotid arter}’. Ligating the common carotid artery 
allows a greater degree of anastomosis to continue the lesion, although 
the immediate morbidity from cerebral accident is lessened. 

Principle II . — Ligation of the artery both proximal and distal to the 
aneurysm (fig. 1 b and c) may be beneficial when there are very few 
collateral channels. In these intracranial lesions, the ligatures would be 
applied to the internal carotid artery in the neck and within the cranium 
between the circle of Willis and the cavernous sinus (fig. 2a and c). 
The intracavernous portion of the internal carotid artery gives off the 
ophthalmic artery and a few minute twigs, one anastomosing with 
the middle meningeal artery and the remainder supplying the pituitan- 
gland. It is by way of these anastomoses that this principle of treat- 
ment may be defeated in this lesion. 

Principle III . — Ligation of all the arteries and veins involved in the 
lesion (fig. 1 b, c, d, e, f and g) has proved, in general, to be the prin- 
ciple of greatest efficacy in treating arteriovenous aneurysm. In the 
case of pulsating exophthalmos, this would involve ligating the internal 
carotid artery above and below the cavernous sinus, ligating the oph- 
thalmic artery and isolating by ligature the ipsilateral cavernous sinus. 
Ligation of the internal jugular vein with the internal carotid arter}' 
has been advocated by many writers. This is incomplete as the two 
cavernous sinuses, unfortunately, communicate through the anterior and 
posterior intercavernous sinuses, ligation of which would be extremely 
difficult, if not technically impossible, at present. It seems, then, that 
the principle most efficacious in controlling other arteriovenous fistulas 
Mould fail to be applicable in this instance. 

92:8!' J- Pulsating Exophthalmos, Ann. Surg. 
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Principle /?/, —Direct closure of tlie fistula (fig. la), while theo- 
reticalh' the method of choice, is rarel}' feasible in arteriovenous fistulas. 
In retrobulbar arteriovenous aneurysms actual ligature obviously is 
mi]»ssiblc within the cavernous sinus. A method of occlusion has been 
devised by Biooks ® of Nashville, and has been used by other operators 
with ap])arcnt success, although at present its status is not definitely 
fixed. 



Fig. 1. — Diagrammatic representation of ligations used to control arteriovenous 
aneurysm. 



Fig. 2. — Diagram of circulation involved in retro-orbital pulsating exophthalmos 
and collaterals. 

Brooks opened the internal carotid artery in the neck, betwecti 
clamps, and packed long thin strips of muscle into the artery. 
incision in the artery was then closed, and the clamps removed , the ) oof 
Stream forced the muscle into the fistula, effectually pluggin^^ it. 
eve in the case described was later lost from thrombosis. In acoptmj-. 


0. Brook's, C. in discussion of JCoIand and Taylor.'* 
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Brooks’ technic, rve used a smaller muscle embolus, hoping to have the 
function of the artery, but ligation was necessary later. 

This seems a rather radical procedure — sending a muscle embolus 
toward the brain with all the force of the heart behind it. The embolus 
is propelled by a force equal to the systolic blood pressure (fig. 3). 
At the fistula, however, it is acted on by two other forces ; at the jioint 
of division it may go into the cerebral circulation, against a pressure 
equal to diastolic blood pressure or 80 mm. of mercury, or it may go into 
the fistula, where the pressure is very much lower. The embolus takes 
the course of least resistance and enters the fistula. If it is not large 
enough to engage the margins of the fistula, it is held by the lacework 
of fibers in the sinus and can go no further. The combined effect of 
the embolus and resulting thrombosis closes the opening. 

Mechanical devices which accomplish compression of the arteries in 
the neck by various ingenious pressure bands and springs have main- 
tained many patients in a fair state of health, as in one case reported 
by Harkness. Another expedient is ligation of the common carotid 
artery, allowing retrograde blood flow to prevent sudden anemia of the 
brain, and later ligation of all the branches of the external carotid artery 



Fig. 3. — Mechanics of blood flow at point of arteriovenous fistula. 

except the internal maxillar}' and temporal, thus further diminishing 
the blood flow by reducing the number of anastomoses. This was advo- 
cated by Dorrance." 

Of course, man)' patients are considered cured if they are able to 
continue with their daily routine in fair comfort even though the bruit 
is still faintly audible with the stethoscope, but the lesion cannot be 
considered absolutely cured until the fistulous opening is closed. The 
lesion tends to be progressive and will recur unless the fistula is closed, 
or the involved vessel is isolated from the general circulation. 

All spontaneous cures of these fistulas have been by thrombosis, 
vision of the ipsilateral eye being lost. The majority of patients having 
this lesion are blind from the outset, and blindness practically always 
results from later thrombosis of the cavernous sinus. Any method of 
treatment that requires thrombosis will result in a high incidence of 
blindness. If retrograde flow can be induced through the branches 
of the ophthalmic artery and vein from their external carotid anasto- 
moses, It might be possible to ligate these vessels proximal to their 
branches ffig. 2 c) and establish an entirely new ophthalmic circulation. 
This probably would save the eye. 

Operative Treatment of Pulsating Exophthalmos, 

Am. J. Ophth. 13:675, 1930. 
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Befoie operating on these patients by nny method, a period of pre- 
hnnnary carotid compression must be instituted for the purpose of 
encouraging collateral circulation through the circle of Willis and to 
accustom the ipsilateral cerebral hemisphere to changes in arterial 
blood pressure. By this procedure the incidence of hemiplegia has been 
gieatly reduced. At first the patient may not be able to stand more 
than one or two minutes of compression before feeling dizzy or faint. 
Compression is prompt!}’ stopped, but is repeated in increasing lengths 
of time, every three hours, until the patient can bear from thirty to 
forty-five minutes of occlusion without signs of cerebral damage. The 
pulsations of the carotid are felt; then the artery is pressed backward 
and inward against the transverse processes of the lower cervical 
vertebrae. The bruit should be listened for to determine whether or 
not occlusion is complete. While various mechanical devices have been 
designed for this purpose, digital compression is probably the most 
reliable. 

Two cases are presented demonstrating the application of several 
combinations of the previously outlined principles of treatment. 

KEPORT OF CASES 

Case 1.® — A woman, aged 32, entered the clinic on April 17, 1931, complaining 
of blindness in the right eye, protrusion of the eye and a constant swishing roar 
in the head synchronous with the pulse. On Feb. 6, 1931, she had received a severe 
blow on the right supra-orbital area in an automobile accident, the lacerations 
caused by this requiring suture. She immediately became unconscious and remained 
so for six days. On regaining consciousness, she was blind in the right eye, and 
a roaring noise was heard, which had been present constantly since. Hearing was 
diminished on the right side, and the patient was dizay. 

Examination revealed a right pulsating exophthalmos with a systolic bruit and 
blindness. There was a palsy of the sixth nerve on the right side, and the pupils 
were irregular, the right being larger than the left. The left pupil reacted to light 
and in accommodation normally; the right consensually only. The palpebral fis- 
sures measured 11 mm. on the right and 8 mm. on the left. There was a severe 
degree of conjunctival edema in the right eye with engorgement of the retinal 
vessels and atrophy of the optic disk. The only other finding of significance was 
a positive Romberg sign. 

Lumbar puncture revealed an initial pressure of 110 mm. of water, a normal 
response to Queckenstedt’s test and clear, colorless fluid. The spinal fluid showed 
a faint trace of globulin, with a colloidal gold curve of 55S5521000; the Wa.s.scr- 
mann and Kahn reactions were 4 plus ; the total protein was 30 mg. per hundred 
cubic centimeters of fluid. Tlie Wassermann reaction of the blood was 4 phis in 
three antigens, and the Kahn reaction, 2 plus. 

A roentgenogram of the right orbit showed erosion of the superior inner margin 
of the orbit. Other laboratory tests gave normal findings. 

8. This case was reported originally in the Cleveland Clinic Quarlcrl> Cl 
Case of Traumatic Retrobulbar .Arteriovenous Aneurysm, January, 1932, sol. 1, 
no. 1). 
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The patient was started on antisypliilitic treatment. It was found that digital 
compression of the right common carotid artery against the carotid tubercle made 
the patient dizzy and weak after two or three minutes, i)ut it stopped the roar in 
her head and stopped the pulsation of the cxoplithahnos. To accustom lier to 
diminished blood supply through the cerebral arterial system, digital compression 
was applied to the artery several times daily until, twenty-five days after she 
entered the hospital, she could tolerate compression for twenty-five minutes with 
ease. 





O'' attempt a direct occlusion of the fistula by the method of 

3 inch ^7^6 patient was operated on (fig. 4). Under local anesthesia, a 

sternocleid incision was made just in front of the anterior border of the 

Carotid niuscle on a level with the thyroid cartilage. The common 

Carotid bifurcation was exposed. Compression of the external 

it completel-° ti bruit, while compression of the internal carotid stopped 

and Was clam i'’ternal carotid w'as then dissected free for a distance of 4 cm. 
1 cm. lontr rubber-shod artery clamps. A vertical incision about 

ma e into the lumen of the artery between the clamps. A purse- 
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f> miff suture of silk was placed around the incision, after which a piece of muscle 
was removed from the platysma, cut to the size of a pea and clamped M'ifh a 
small silver hemostatic clip. This was tucked into the opening in the artery. The 
purse-string suture was tied and was oversewed with two additional running silk- 
sutures. The clamiis were removed and the artery replaced in its bed. The 
patient noticed no recurrence of bruit following the removal of the clamps, which 
had been left on for about twenty minutes with no untoward effects. A tape 
treated with petrolatum was put around the internal carotid artery to allow for 
traction hemostasis in the event that the arterial sutures failed to hold. TJiis was 
removed twenty-four hours later. The wound was closed with buried silk and 
with clips to the skin. 1 he patient’s condition and morale were excellent through- 
out. 


Koentgenograms showed the silver clip which had been attached to the muscle 
embolus to be in the right side of the skull just to the outer side of the dorsum 
sellae and on a level with its floor (fig. S). 

The jiatient was kept in bed, and ejuiet was strictly enforced. She complained 
of headache and had some emesis for two da 3 's, probably the result of the changes 
in cerebral blood flow. 

On the third daj', a thrombus was palpable in the upper lid, and chemosis of 
the conjunctiva was becoming prominent. On the sixth postoperative daj', a bruit 
became audible with the stethoscope, but it was much less than it had been a week 
jireviouslj'. The jiatient had not heard the bruit since the operation. 

On July 8 (fifty-three days after operation), the patient was readmitted to the 
hospital. Her progress had been excellent, but the bruit had become audible to the 
jiatieut a short time before. 

On examination, the right eye looked much better, not so large or injected. 
The palpebral fissure on the right was 9 mm., wider by 1 mm. than on the left. 
There was almost complete atrophy of the right disk. The bruit was audible, but 
there w<is no palpable thrill. 

In this case, the muscle plug and subsequent thrombosis had almost obliterated 
the fistula. Knowing the progressive nature of these lesions, it was decided 
further to diminish the blood supply with the hope of obtaining a complete cure. 

On July 9, under gas and local anesthesia, the right common and infernal 
carotid arteries were ligated. The patient progressed very satisfactorily. She had 
some headache at times, but the bruit was inaudible at all times. She was dis- 
charged on July 17. She has continued antisyphilitic treatment infcrmiftciitb'. 
since she is living away from medical attention and is not able to get to a plwsici.ni 


oueii. , 

We last saw her on April 7, 1932. At that time there was no audible bniit. 
There was absolute atrophy of the right disk, and the difrcrcncc in the width oi 
the palpebral fissures was 1.5 mm. Her condition was excellent, and she liai no 
complaints. 

The second case of pulsating exophthalmos jtroved intere.sling o'l 
account of the rajhd development of anastomoses after ligation o t ic 


vessels. 

Cask 2. — A rather obese woman, aged 48, was first seen at Ch.iritv 
on .Sept. 27, 1931. She liad fallen from a balcony thirteen weeks Ji''’' ‘j" . 

her head on a concrete sidewalk, and had been rendered tiiicoiiscioii^. . le ■ 
remained in that .state, or semiconscious, for three day.s. Roentgenograms < isr 
a linear fracture of the right frontal region. On regaining con.siioiiMKss, • 
been aware of a "rushing.” throbbing .sound on the left side of tlic hea< . . 

eye, which had been greatly conge.sted and discolored at first, rapu > "i 
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There was no extra-ocular palsy at that time. .As convalescence progressed, vision 
in the left eye began to fail, conjunctival edema and protrusion of the feft eye 
developed, and she had severe headache. 

Examination disclosed marked venous congestion of the left conjunctiva and 
lids and marked left conjunctival chemosis. There was a loud bruit over the left 
eye, synchronous with the pulse. This could be controlled entirely by compression 
of the left common carotid artery. There was complete paralysis of the left sixth 




Fig. 5.— Roentgenograms of skull, showing clip in place. Upper picture, 
anterior view ; lower picture, lateral view. 


ncr\e and partial paralysis of the third and fourth nerves. There was some hypal- 
gesia over the area of distribution of the first division of the left fifth nerve. The 
other cranial nerves functioned normally. 

The diagnosis was pulsating exophthalmos, with the fistula between the internal 
carotid artery and the cavernous sinus, and paresis of the left second, third, fourth 
nuh and sixth nerves. 


O accustom the patient to diminished cerebral blood supply and to allow the 
ot ler vessels to compensate, digital carotid compression was applied everj- three 
'ours, starting with one minute, then increasing as rapidly as possible. She became 
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able lo .Mniid thirty minutes of compression without discomfort. It was then pro- 
posed to insert a nmsclc emholus into the artery as in tlic previous case. 

Operation was performed on October 9 at Charity Hospital. The left internal 
carotid artery was e.\-()o.sefl, elevated and compressed, and the bruit was controlled 
comiiletely. I be artery was dissected for a distance of 3 cm., and a rubber-shod 
artery clarn[) was placed at eacli end of tliis area. Owingt to technical difhculties, 
iiowever, tlie attem()t to insert a nmsclc embolus was unsuccessful, so the vessel 
was ligated am! cut. 'I'lie common carotid was e.xposcd and ligated below its 
bifurcation, and the incision was closed. A pressure bandage was applied to the 
eye for twenty-four hours. Tlic bruit was still faintl}* audible with the stethoscope, 
but was not heard subjectively. 

Eighteen days later, auscultation disclosed a faint bruit, although the patient 
was nut conscious of its iiresence. There were still paralysis of the left sixth nerve 



Fig. 6. — Intracranial ligation of left internal carotid artery. Frontal lobe 
retracted ; ligature around internal carotid artery. 

and paresis of the third nerve. Exophthalmos had cleared up, chemosis had dis 
appeared, and there was no palpable thrill. A thrombus was palpable in an or i a 

vessel just above the outer canthus. , 

The patient was readmitted to the hospital on March 30, 1932, four an one i 
months after the first operation. She had been well since her last visit, u 
headache had been increasing in severity, and vision was failing at times 
left eye, although frequently it was better than in the right. The bruit was au 

subjectively at intervals. u looked 

Examination disclosed that the patient had lost some weight, bu s 
much better. There were moderate dilatation and congestion of the e ^ 

vessels, but no thrombosis; they could be emptied by pressure. The uvo . j 

of about the same size. There was a loud bruit in the left eye, in * ® ^ 
and maxillary regions and, to a lesser extent, over the right glo e. rcss 
the right carotid failed to stop the bruit. 
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Examiuntion slmwril a noriiial rii;lil iniiihi'-. while the left xhnwed marheil tor- 
tuosity of the retinal vessels with a stnall anuiimt of jiaiiilleilenia. 'I'he vis\ial fiehls 
were full. 

The bruit followiiiR the liitatioii of the left carolifl artery came, of course, from 
retrograde blood flow thro\igh the circle of Willis aud down into the injured vessel. 
This flow could be contr('lled at first hy shutliui; olT the right carotid flow. 'I he 
vertebral and basilar arteries later enlargetl. until they were tranvinitting enotigh 
blood to cau.ee bruit without the carotid eontrilnition. It was ]iro|>osed. then, to 
ligate the artery intracranially between the cavernous sinn^ and the circle of ^\■illis. 

On March 31, an encephalogratn was taken tor the dual pnriiose of draining the 
cerebrospinal fluid and of determining the amount of cerebral damage resulting 
from trauma and the lesion. The plates divchoed only traumatic pia-arachnoid 
adhesions over the right cerebral hemisphere. 

On March 31, a left frontal craniotomy was performed as for an apiiroach to 
Ihc sellar region. The left internal carotid artery was ligated with a double silk 
ligature just above the c.averitous sinus, leaving the circle of Willis intact, hol- 
lowing the operation, no bruit was atidiblc in eillier eye. Tlie next morning, how- 
the bruit was audible faintly both subjectively and objectively over both eyes, 
ressure on the rigiit carotid artery controlled it completely. The recurrence of 
1 le bruit was a great disappointment, of course, Init since tlicsc lesions arc known 
to be progressive rather than tending to cure, it was felt that further intervention 
should be attempted. 

M itbin the sinus, the internal carotid artery gives off one large vessel, the 
op t lalmic, and several minute twigs, one of whiclt anastomoses with tlic middle 
"loningcal, the others supplying the pituitary gland. Sinee the ophthalmic is the 
fgest of these, it was reasonable to assume that its anastomoses were responsible 
th*^ * ^ '■otrograde flow. Several operators (Hanford and Wheeler) liavc ligated 
op ithalniic artery and vein within tlic orbit as a part of their attack on these 
opbtbalmic anastomoses with the external carotids through a number 
gj, ‘"^oebes, the most important being the supra-orbitals and infra-orbitals and the 
• The left external carotid was already occluded. All these other anas- 
caro^’rf^ "cre supplied by the opposite external carotid. A period of daily right 
' '^°'^P’'cssion was then started, and finally the patient could tolerate, with 
Oi^A fbirty minutes every three liotirs. 

the i'\ after the craniotomy, the right common artery and 

external carotid arteries were ligated at the area of bifurcation, 
furtbe^*^'^'”^ bruit, objective and subjective, and the patient had no 


bed six except an occasional slight headache. She was allowed out of 

tvas ^f^er operation ; she had no dizziness or other cerebral symptoms and 

atirl ^’’Sed on April 23, twelve daj's after ligation of the right carotid artery 
twenty-three days after craniotomy. 


COMMENT 

most of us see so few of these cases that each is a 
"'hen it confronts us. It is obvious, however, that the 
pletel treatment by ligation of a carotid artery is inadequate com- 
to be\l't lesion and that rational, effective treatment is yet 
lesion These cases demonstrate that such a progressive 

Seticallv a progressive attack, and that it should be ener- 

Pssured ^ vmtil such a time as a successful outcome seems 
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Aiiioii^tf the most etiigtiiatic surgical anomalies of the upper urinaiy 
tnict which interest tlic medical profession and particularly the surgical 
specialist are the three much confused borderline conditions of hypo- 
jil.'istic kidney, renal aplasia and congenital absence of one kidney. All 
of these have clinically the same common denominator, in that when the 
supposedly sound kidney is removed at operation for an associated 
[lathologic process, the outcome is promptly and inevitabl}" anuria and 
death. But fortunatel}', the time has come when these three very 
hazardous and unrecognized conditions of the past can be differentiated 
and accurately identified before postmortem examination. 

A surve}" of the literature on this rather obscure subject reveals that 
the underlying cause of such a compromising situation is an embryonic 
malformation and lack of proper development of the urinary organs, 
which is also commonl}' associated with developmental defects of the 
genital organs. The problem is further confused b}' lack of proper 
classification, due to failure to recognize many of these cases and to the 
impossibility of obtaining sufficient clinical data. JMany authors who 
have written on this subject have not had a clear conception of these 
three unusual conditions and have often confused them with a secondary 
or acquired type of atroph}- of the kidne}', when in reality one is dealing 
with an arrest of development of the organ. A solitary kidney or 
atrophy of one kidney has been rather commonly found at postmortem 
examination. Various authors, in reporting a long series of autopsies 
totaling 92,690, give the relative frequenej^ of hypoplastic kidney as 
1 in 600, that of renal aplasia as 1 in 400 and that of solitaiy kidne}' as 
1 in 1,600. The clinical ratio has never been accuratel}" established, 
because, prior to the era of cystoscopy and pyelography, the preopera- 

Read before the Section on Urology at the Eighty-Third Annual Session of 
the American Medical Association, New Orleans, May 13, 1932. 

From the Department of Urology, James Buchanan Brady Foundation of the 
New York Hospital. 



G UTIERREZ—REXA L A G EXES I S 


0S7 


tive or antemortem diagnosis was seldom made ; consequently, the cases 
found at operation or on the dissecting table have been surprisingly 
numerous. It is necessary at this time to specify that in this study I 
shall not discuss the condition recorded by many authors as congenital 
or acquired atrophv of the kidney, when the atrophy is due to disease, 
trauma or an associated pathologic process in which the kidney under- 
goes complete destruction, losing its renal parenchyma and becoming 
functionless, as commonly occurs in tuberculosis, hydronephrosis, 
pyonephrosis or stone long impacted in the ureter. In this paper I 
shall deal exclusively with the variety of congenital malformation in 
which one kidney is absent, or there is a rudimentary or infantile type 
of kidney, or an arrest occurs in the development of the organ, which is 
consequently incapacitated to sustain life. It is obvious that while this 
condition is of climcal interest to the embryologist and pathologist, it 
is of even greater importance to the urologist and the surgeon. The 
only lesion with rvhich I am concerned in this study is the unilateral 
type, since when the condition is bilateral it has no clinical interest, in 
that it is at the outset incompatible with life. 

The best conception of this malformation of the upper urinary tract 
is that it represents an embr}'onic defect or lack of development during 
intra-uterine life, when the organ in its evolution did not develop to its 
full extent or the wolffian duct of the mesonephros failed to produce a 
renal bud after the duct had reached the cloaca, as in the case of 
unilateral renal agenesis. The variation in the evolution and mechanism 
of the migration, ascent and rotation that these organs undergo from 
their position in the bony pelvis behind the cloaca to the lumbar region 
in the adult explains the multiplicity of variations of congenital malfor- 
mations that may be encountered. In studying the surgical aspect of 
congenital anomalies of the kidney, one cannot fail to be tremendously 
impressed with their frequency, particularly in a routine urologic prac- 
tice. since they constitute about 40 per cent of all pathologic lesions of 
the kidney. Hence proper clinical recognition is of extreme value, not 
only for establishing a correct diagnosis but also to assure a sound 
prognosis. 

In reporting eight cases to illustrate these three varieties of renal 
agenesis, which I have had the opportunity to study at the urological 
departaient (James Buchanan Brady Foundation) of the New York 
Hospital, I shall discuss first the most important points in the pre- 
operative diagnosis. Secondly, I shall emphasize the value of a complete 
and careful urologic and urographic examination in order to avoid the 
dangerous surprise that is involved in this renal hypoplastic, or aplastic, 
or agenetic condition. It is also my purpose to point out the surgical 
aspect of this problem and its proper treatment. 

Since It is obvious that the borderline differentiation betu-een these 
iree clmicopathologic conditions of the kidneys has not been mentioned 
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in fUU loxthooks, ;mk 1 since this is indeed not easily recognized, the 
]M-ohIein it presents is often not adequately solved. It seems proper, 
therefore, to study the three conditions separately, while describing 
tlu‘ illustialivc cases of each inoflalit}'. In an attemj)t to abbreviate this 
communication and to make it of more j^ractical interest, I have sum- 
mai ized its main jioints in the following tabulation, basing niy classifi- 
cations on (he most important clinicopathologic and cj'sto-uropyelo- 
giaphic data as a means of dillerentiating these three unique conditions 
of the undevelo|)ed kidney. I he three descriptive classifications which 
1 have worked out with a view to facilitating a correct diagnosis will 
serve to establish greater accuracy in their clinical and anatonio- 
]iathologic description and their proper differentiation. 

Classification and Clinicofatlwlociic Differentiation of I-Iyfotilostic Kidney, Renal 
A flash and Congenilal Absence of One Kidney 
Hypoplastic Kidney 

1. Small or infantile in type; other kidney hypertrophic 

2. Normal renal parenchyma 

(o) With medullary and cortical substance 
(/;) W'ith absence of [lyratnidal substance 

3. kficroscopic sections reveal normal or rudimentary glomeruli and tubules 
•4. Rudimentary or hydroncphrotic pelvis 

5. Calices bizarre in position and size, sometimes absent 

6. Patent ureter 

7. Normal urine secretion 

8. Diminished or normal renal function 

9. Good urea c.xcrction and phenolsulphonphthalein elimination 

10. Pyelography and roentgenography reveal hypoplastic kidney or diminutive 
organ 

Renal Aplasia 

1. No true kidney 

2. No evidence of pelvis 

3. Absence of true renal pedicle 

4. Renal artery small or absent 

5. Ureter incompletely developed and not p.atent 

6. No excretion of urine 

7. No renal function 

8. Bladder with two normal ureteral orifices or one ectopic ureter 

9. Histologic section of the supposed renal mass reveals glomeruli and tubules, 

showing arrest of development of renal organ 

10. Cj^stoscopy, catheterization of ureters and descending or ascending pyclog- 
raph}^ for diagnosis of the condition 

Congenital Abscence of One Kidney (Congenital Solitar 3 ' 

Single Kidney) 

1. No evidence of h.vpoplastic or aplastic renal tissue 

2. Complete absence of a mate with hypertrophy of the solitary kidney 

3. Single kidney with double pelves and double ureters, or 

4. Kidney' with single or double ureters in cross ectopia 
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5. Vesical trigone distorted or absent 

6. Bladder with one ureter or two openings in one side 

7. Suprarenal nearly always absent 

8. About 70 per cent of the cases of solitar>- kidney found with some other 

type of congenital malformation, particularU’ of the genital tract 

9. Diagnosis obtained cystoscopically and pyelographically by the descending 

or ascending urographic method 


HYPOPLASTIC KIDXEY 


Unilateral renal hypoplasia is that condition in which a kidnet' that 
is apparently well developed anatomically and histologically is diminu- 
tive, fetal or infantile in size, or hypoplastic or defectively developed. 
While apparently having good secretor\- function in regard to elimina- 
tion of urea and of color dye, the organ does not have enough capacity 
for undergoing functional hypertrophy to sustain life. Chopart/ 
Morgagni,- Cruveilhier,^ Sappej’,^ Testut,® Rayer ® and other earlier 
anatomists knew that one kidney might be large and the other small, 
but these obsen'ers did not differentiate congenital or primarj* hypo- 
plasia from sclerotic, inflammator\' and other forms of secondary con- 
tractions of atrophy. Indeed, the term atrophy, so frequently used in 
the literature, misleads in the conception and proper understanding of 
the condition, because these kidne3’s have at no time been larger than 
when found. Hence it is a condition of renal disparity, and many 
authors have described it as a rudimentary or infantile organ. There 
is an arrest in its development and not an atrophy. Gastaldi," who 
reported sixty-six cases in his thesis, had the same idea, and termed it 
an inequality of renal volume, but did not differentiate the type of 
hypoplastic kidney from that of renal aplasia and total agenesis. 
Cadore ® and Gerard,® in classifying the congenital anomalies of the 
kidney, included “relative atroph}-,” obviously meaning abnormal small- 
ness of one kidney, and applied the tenn “absolute atrophy” to a more 


1. Chopart : Traite des maladies des voies urinaires, Paris, 1821. 

2. Morgagni; De sedibus et causis morborum, Levden, C. Haak, 1765 Letter 
XXXI, art. 25 ; XLVIII, art, 16. 

3. Cruveilhier, Jean; Traite d’anatomie pathologique, Paris, T. B. Bailliere 
et bis, 1849. 

4. Sappey, :M. P. C. ; Traite d’anatomie descriptive, Paris, V. Masson, 1850. 

.i’n Rsn • Tratado de anatomi Humana, Barcelona, Salvat v Ca vol. 4 

p. 4/8. " ^ ' 

6. Rayer; Traite des maladies des reins. Paris, J. B. Bailliere, 1841. See 
also ms Atlas, 1837. 

Contribution a I’etude de I’inegalite du volume des reins et 
tie 1 atropine congcnitale unilaterale. These de Paris, 1910. 

Lille^'mf^o ^44^'' anomalies congenitales du rein chea I’homme, These de 
and MI^ToS' a"°'"alies congenitales du rein, J. de I’anat. et physiol. 41:241 
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111. liked Jesioii. I c’y.sscdrc,"’ in his thesis, used the term renal agenesis, 
.uid ! 1)1, ick ’ alsu deserilied and classilied the condition as agenesis, 
dislingiiisliing' ;i relative and an alisoliile tyjie. In more recent literature, 
-Alharran,'" Marion.'" I’apin," and Kisendrath and his co-workers^'' clas- 
sified lliis condition more ]>roj)erly as hypoplasia, while McArthur,'® 
Geraghty and I’laggemeyer and other writers described it as the 
infantile kidney. Coplin ''' emphasized the condition of unilateral 
hypoplasia, explaining the possiliilities of defective artcriogenesis in 
relation to the so-called hypogenetic nephritis. Astraldi and Papin 
and \ erliac *" <if the Necker Clinic also more recently stressed the 


congenital origin of this malformation as well as the concomitant 
anomalies of the genital tract, and reported a case in which the patent 
ureter of the hypoplastic kidney opened into a seminal vesicle. 

Mowever. the borderline between hypoplastic kidney and renal 
a[)iasia has not, on the whole, been well established, either clinically or 
histologically, since most of the pathologists include this recognized 
tyjie of lesion under unilateral congenital or acquired atrophic kidney, 
as if it were due to an associated pathologic process. In 1902 , Albar- 
ran was among the first to call attention to the danger of this hypo- 
plastic kidney, reporting a case in which, with good elimination of urea 
and of color dye, and ajijiarently good concentration of the chemical 


10. Teyssedre, Emile; Contribution a I’etude dcs anomalies de developpement 
du rein, Tiiese de Paris, 1892, no. 370. 

11. Polack, Lazare: Contribution a I’etude des agenesies -renales, Thwe de 
Bordeaux, 1909, no. 64. 

12. Albarran, Joaquin; E.xploration dcs fonctions des reins: Etude medico-chir- 
urgical, Paris, Masson et Cie, 1905. 

13. Marion, G. : Traite d’urologie, Paris, Masson et Cie, 1928, p. 418; Hypo- 
plasia renale, discussion. Bull. Soc. franq. d’urol., seance du 17 mars, 1930, p. aO. 
Legueu : Hypoplasie renale, discussion. Bull. Soc. franc d’urol., seance du 1/ 
fevrier, 1930, p. 62. Chevassu ; L’hypoplasie renale, discussion, Bull. Soc. frang. 
d’urol., seance du 17 fevrier, 1930, p. 62 . 

14. Papin, Edmond: Anomalies congenitales du rein, Encyclopedic frangaise 
d’urologie, Paris, Doin et fils, 1914, vol. 3, p. 227. Verliac, Papin and Astraldi. 
L’hypoplasie renale. Bull. Soc. frang. d’urol., Feb. 17, 1930, no. 2, p. 56. 

15. Eisendrath, D. N., and Rolnick, H. C; Textbook of Urolop, ed. 2, 
Philadelphia, J. B. Lippincott Company, 1930, p. 575. Papin and Eisendrath. 
Les anomalies des reins et des ureteres, Arch. d. mal. d. reins 2:421, 1926. 

16. McArthur, L. L. : Surg., Gynec. & Obst. 12:391, 1911. 

17. Geraghty, J. T., and Plaggemeyer, H. W. ; The Practical Importance o 
Infantile Kidnej" in Renal Diagnosis, J. A. M. A. 61:2224 (Dec. 20) 1913. 

18. Coplin : Unilateral Renal Hy^poplasia and Dysplasia, Am. J. M. Sc. 

381, 1917. 

19. Astraldi, A. : Hypoplasie renale congenitale. Arch. urol. de elm. de ec 

7:47, 1931. , 

20. Papin and Verliac: Hypoplasie renale congenitale avec abouebement a 
I’uretere dans la vesicule seminale, J. d’urol, 1:431, 1920. 
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elements of the urine, he did a nephrectomy for renal tuberculosis, and 
eleven days later the patient died in a uremic coma. When the autopsy 
revealed a congenital hypioplastic or infantile type of kidney, he con- 
cluded that the hypoplastic kidney is incapable of undergoing com- 
pensatory hypertrophy after nephrectom}'. Also, ^IcArthur,^® in 1911, 
reported another case in ■which he had performed a nephrectomy for 
tuberculous pj'onephrosis, which was followed by death from renal 
insufficiency ; at necropsy a tiny, infantile kidney, with normal paren- 
chyma and normal secretion of urine, was found, but again the capacity 
for functional hypertrophy was lacking. 

More recently, another author, in a study on renal anomalies, 
reported an illustrative case of this type, in which, with good excretion 
of indigo carmine from both ureters and a positive pyelogram revealing 
an infected h 3 'dronephrosis, nephrectomy was done ; four da\'s later the 
patient had passed only 2 ounces of bloody urine and died with the 
typical symptoms of uremic poisoning; at autopsy, the left kidney was 
found to be of the hypoplastic type. 

Geraghty and Plaggemeyer,'" calling attention to the difficult}' and 
importance of recognizing this so-called infantile kidney, reported on a 
study of 3,940 necropsies from the Johns Hopkins Hospital, among 
which they found 36 cases of atrophy from various causes ; they stated 
that of these only 6 were unilateral, and that of the 6, only 3 belonged 
to the infantile or ffi-poplastic type; they further stated that there is 
much greater risk involved with a deficient kidney of the infantile type 
than with any other type of renal agenesis. All the statistics in this 
respect, therefore, are most confusing, because of the lack of differentia- 
tion and proper classification. In the future, however, these diminutive 
kidneys should be better known and properly recognized clinically, when 
careful routine urologic and urographic examinations are made. 

The hypoplastic kidney, as a rule, is from three to six times smaller 
than the one of the opposite side, which is always hypertrophic. Two 
types may be described: In the first, the architecture of the renal 
parenchyma is normal with a normal pelvis and ureter, although the 
pelvis is of pear form or bottle shape and diminutive; the calices are 
also very small and sometimes unusually placed or anatomically dis- 
oriented. The second type is that in which the medullar}^ portion and 
the pyramids are absent, and, therefore, there is only cortical substance 
and the pelvis may be of hydronephrotic type, as in Marion’s case and 
m one of the cases that I am here reporting. In some of these cases 
the microscopic study reveals rudimentary glomeruli and tubules. In 
others the tissue resembles that of a normal kidney but is present in 
mmimal^ amount. I am reporting two such cases that have been cor- 
rcctly diagn osed clinically and which were confirmed at operation, as 

21. Magoun, J. A. H. ; Renal Anomalies, J. Urol. 27:435 (-4pril) 1932. 
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c.iii he seen in the report of the case. Tlie chief diagnostic sign in 
liypoplastic kidney is marked decrease in function, both quantitatively 
and qualitatively, with reference to excretion of urea and elimination of 
color dye in comparison with that of the opposite side when the latter 
is noinicill} and fully develojied. lint when the kidney of the opposite 
side is sullering from some type of associated pathologic process, the 
secietoiy function of hotli organs is aflected and definitely diminished. 
Hence, the diflerentiation necessary to establish a correct diagnosis 
de])ends on the interpretation of the bilateral pyelogram combined with 





3 4 

Fig. 1. — The different types of hypoplastic kidney, as collected from 
literature : 1, author’s case, representing a typical right hypoplastic kidney "’‘jli 

marked hypertrophy of the left kidney; 2, a left hypoplastic kidne}' in which on) 
cortical substance is present with no evidence of calices, papillae or pyramids; 
a diminutive hypoplastic kidney with rudimentary pelvis and patent ureter, 
4, marked hydronephrosis in an extremely hypoplastic kidney in which patency 
of the ureter and renal function are present. Note that in the hypoplastic kidney 
the ureter is always patent and there is evidence of some renal function. 


the shadow cast and outline of the kidney obtained in a good x-ray 
in which the size and position of both organs can be accurately made 
out. The pyelographic and roentgenographic evidence furnished b}' tlj 
outline of the kidney, which may be very small with extremely sma 
pelvis and with calices absent or rudimentary, in contrast with hypC' 
trophy of the opposite normal kidney, will serve to verify the diagnosis- 
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With this congenital malformation of hypoplastic kidney in mmd, the 
advisability of taking a bilateral pyelogram in order to detect this 
condition is beyond all question. In the future, many of these cases 
may be clinically recognized through the facility with which the method 
of intravenous p 3 ’elograph}' can be used. evertheless, in man} of 
these cases, when the intravenous injection of iopax for the purpose of 
finding out the condition of the kidney is employed, and the opaque 
substance is not sufficiently concentrated or eliminated b\- the kidneys, 
and is therefore not well visualized, it will always be necessar} , and 
perhaps safer, in order to establish a correct diagnosis, to use the 
ascending method of taking ureteropyelograms for the purpose of 
verifying a suspected condition and revealing the presence of a hypo- 
plastic kidney. 

REPORT OF CASES 

Case I— Nephrectomy for hypoplastic kidney. 

Mrs. L. H., a housewife, aged 26, came to the Brady Urological Clinic of the 
New York Hospital on Oct. 31, 1930, complaining of pain in the right lumbar 
region with slight {requenc>' of urination day and night, and also dysuria and 
pyuria. The pain in the lumbar region and upper right quadrant had been inter- 
mittent since she was 9 years of age. This pain lasted for four or five days and 
disappeared. She also had pain in the left lumbar region. Cystoscopy had been 
performed elsewhere and a diagnosis of pyelitis and pyelonephritis made, but no 
treatment had had any effect on her condition. The left kidney was enlarged and 
tender on palpation. The right kidney was not palpable, but there was pain in 
the right upper quadrant on deep palpation. Although well developed, the patient 
was" of feeble constitution, but had a 6 year old child living and well. Aside from 
the fact that her menstrual history had always been painful and irregular, no other 
abnormalities were made out. 

On November 3, cj-stoscopy was performed and both ureters were catheterized ; 
a differential renal test revealed that function of the right kidne 3 ' was much 
diminished in comparison with that of the left. The culture also revealed Bacilli 
coli-communis from the right ureter and bladder, while culture from the left was 
negative. Also, microscopic examination of the wet specimen revealed two white 
blood cells per field, while from the left side there was no pus. 

On November 13, cystoscop 3 ' was again performed and bilateral pyelograms 
were taken. The roentgen report on the genito-urinary^ tract revealed that the 
shadow of the left kidney was considerably enlarged; and while the shadow of the 
right kidne 3 ’ was not clearb' seen, there was no shadow indicative of stone an 3 '- 
whcrc in the urinar 3 ’ tract. The p 3 ’elogram of the right kidne 3 ' revealed a small 
elongated bottle-shaped pelvis of infantile ts'pe, showing diminutive calices and 
some dilatation of the upper calices; also some distortion of the ureter tvas seen, 
and the impression was that of a hypoplastic organ which had not been fully' devel- 
oped (fig. 2). The pyelogram of the left kidney showed a slightly dilated pelvis 
'vith dilatation of the major and minor calices ; it also revealed that the left kidney 
^vaJ about four fimes larger than the right, and that apparently this hypertrophic 
orpn was carrying on in a compensatory manner the function of its mate. With 

ns finding, cystoscopy was again performed on November 24, at which time the 
specimen collected from both sides was sent to the laboratory for inoculation into a 
Ruinca-pig m order to rule out the possibility of tuberculous infection. At the 
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same time, in tlie ronline Ire.itmcnl, each kidney was irrigated with a solution of 
(lextnxse conlammg an acridine derivative and a hongie no. 8 was passed to each 
lenal pelvis to dilate the nreter.s, to correct infection and to assure better drainage. 
J o ascertain the differentinl function and to determine whether nephrectomy of the 
infantile organ was indicated, the functional test was repeated. One week later, 

December 1, when cytoscojiy was again performed, the differential functional test 
was made. 

1 lie specimen of urine from the riglit ureter was bloody and contained 0.5 Gm. 
of urea per liter; that from the left ureter was clear and contained 4 Gm. of urea 
per liter. 

Hie phcnolsulphonphthalein test gar’c the following results: time of appearance 
from the right ureter, five minutes; per cent of phenolsulphonphthalein, l.S; time 
of collecting, ten minutes; time of appearance from the left ureter, two minutes; 
per cent of plicnolsulphonphthalein, 9; time of collecting, ten minutes. 



Fig. 2 (case 1). — yd, bilateral pyelo-ureterogram, revealing a typical picture of a 
right hypoplastic kidney witli a very diminutive pelvis and a slight dilatation o 
the upper calix. There can also be seen the rudimentary lower and middle calices, 
and a faint shadow of the outline of the diminutive organ. B, pyelo-ureterogram 
of the left kidney from the same case, revealing an enormous kidney shadow wit i 
a normal pelvis as the expression of a compensatory functional hypertrop y- 
C, pyelogram of the specimen removed at operation, revealing the diminutive 
type of infantile hypoplastic kidney. 


Aficroscopic examination of the sediment of the wet specimen from t e rigi 
ureter showed 1 epithelial cell, 6 red blood cells and 2 white blood cells per »g 
power field. The specimen from the left ureter showed 3 epithelial cells per 

power field, much detritus and crystals. _ • . m ..rine 

Culture of urine from the right ureter showed B. coli-cotnmunis , e 

from the left ureter was normal, and that from the bladder containe • co 

communis. • r m t fiulfy 

The conclusion was, therefore, that the patient was suffering ^ ro . jjy 
development of the right kidney, the so-called infantile kidney, having pra 
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no function and associated with p 3 -elitis and pyelonephritis. In view of this, she 
was admitted to the hospital and nephrectomy was done under spinal anesthesia on 
Jan. 20, 1931. 

I found at operation that the kidney was very easily exposed by the lumbar 
oblique incision, and that there was little perirenal fat present. On opening the 
fatty capsule, the kidney was found to be of infantile aspect and extremely small. 
The ureter was easily separated and ligated. The renal pedicle of the kidney, 
which was also seen to be very small or atrophic, was likewise easily dissected 
free from the surrounding tissues, clamped and tied, and the kidne\ nas remo\ed. 



Fig. 3 (case 1). — Drawing of the specimen removed at operation: A, the 
anterior aspect of the diminutive kidnej' ; B, sagittal view, laid open, of the infan- 
tile hypoplastic kidney, revealing slight dilatation of the upper calix and a slight 
degree of hydronephrosis. Note that the parenchyma of the kidney is composed of 
medullary and cortical substance, and also that the excretory apparatus is very 
diminutive and hence incapable of undergoing compensatory hypertrophy. 


this constituting one of the simplest and easiest nephrectomies I have ever encoun- 

tere . Recovery’ was uneventful, and the patient left the hospital in good condition 
two weeks later. 

■ specimen removed at operation revealed the presence of a hypoplastic type 
ot kidney, associated with pyelitis and pyelonephritis. A pyelogram was made of 
e .pcciinen removed at operation (fig. 2 C) ; it showed a small amount of renal 
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I>;iroiicliyiii:i ;itifi ri tiny infantile type of pelvis, 
the iiyelfiyrani lak'en liefore the operation, lluis 
ness of tlie rliaynosis. 


wliicli obviously corresponded with 
K'ving full evidence of the corrcct- 


Macroscopieall.v, the siiecinien was a diinitiiilivc or infantile organ with a slight 
degree of hydronephrosis (fig. d). On cutting the specimen in half the medullary 
and cortical substances were found to he within normal limits. The architecture 
of the organ was also (piile nornial, e.vcept fliat it was ditninutive in type and that 
some of the j)yraniids and calices as well as the papillae were distorted owing to 
the association of slight hydronephrosis with P3’elilis and pj'elopnehritis. However, 
the ureter and ureteric'[)elvic junction were within normal limits and truh’ patent. 

1 he histologic report of the specimen was as follows ; TJic specimen consisted 
of a kidne.v measuring 7 h_v 4 h)' 2.5 cm. The microscopic sections showed marked 
scarring of the cortc.'c within large portions, disappearance of the glomeruli, dilata- 
tion or atro[)h.v of the tuhnle.s, increased fibrous stroma and thickening of the 
arterioles with diminution of their luniina. The pelvic mucosa was heavily infil- 
trated by lymidiocytes. The covering eiiithelium was not well preserved. In some 
of the tiiickcr parts of the kidney more normal appearing glomeruli and tubules 
were seen, hut even here there were streaks of scarring with varying stages of 
thickening of Yiowimn's capsule and fibrosis of glomeruli. 


The coiidiisioii to be drawn from tin's case is that the clinical evi- 
dence ma}' be tni.sleading' for the diagnosis, siitce this hypoplastic or 
infantile t^'pe of kidney lias a certain amount of function in regard to 
elimination of urea and color dye, and the chemical elements of the 
urine nia}' be normal. But ■when anuria sets in, or nephrectomy is done 
for an associated pathologic process in its mate, this fetal t3'pe of kidney 
i.s incapable of undergoing hypertrophy. This therefore brings out the 
fact that in this diminutive tyjie of pelvis the dynamism of the emptying 
lime is afTcctecl in two ways: first, by the retention and lack of excre- 
tory elimination and, sccondl}'’, the development of urinary stasis, 
which will ultiniatel;' lead to hydronephrosis, pj^elitis and pyelonephritis. 
'The diagnosis is made urographicall}', and two groups of cases must be 
considered : first, the t3'^pe herein described of a h3^poplastic organ with 
hypertroph3^ of its mate, when ncphrectoin3' of the diminutive kidney is 
the proper indication, and, second!}', the t3'pe in which the hypertrophic 
organ is the one suft'ering from the associated pathologic process, while 
the infantile kidney of the opposite side is executing a certain amount 
of function but not enough to sustain life when left alone. In this 
case the h3'pertrophic kidne3' should he given the most careful treatment, 
such as one would accord in cases of a single kidney when conservative 
surgical and urologic tlicrapy is the only proper indication. 

This patient was examined just one 3'ear after her operation. 
She has gained in weight and is free at the present time from urinary 
symptoms. This case shows how these conditions can he accurately 
diagnosed today by the routine method of investigation, with both the 
differential renal functional test and the urographic data. 
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Fig. 4 (case 1). — Photomicrograph of section made from the removed speci- 
men, revealing embrj-onic type of tubules, hyalinization of glomeruli and marked 
sclerosis of the blood vessels. Note the degeneration of tubules with flattening of 
the epithelium and dilatation of tubules and glomeruli to the extent of cj'st forma- 
tion. Also note here and there fibrosis of the connective tissue, the whole reveal- 
ing the presence of a hypoplastic kidney. 
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Cask 2.~Ncj>hrcctoiny {or hypoplastic kklncy. 

J. L, ;i m.vi, ;igc(l 2], lind k-cn complaim'ng: of inckrimtc abdominal pain and 
urinary disturbances at difTereiit intervals for more than ten years. Three years 
HRo lie was admitted to tlic^ surRical ward of the New York Hospital where an 
appendecfoniy was done, Hinc months /atcr he had an operation for undescended 
riKlit te.sticlc. His ciiicf complaint, when admitted to the urological department 
of (he New 'Vork Hospital on Sept. 19, 1930, was pain on the left side of the 
abdomen and in the region of (he left kidney; he also complained of intermittent 
pain in the right lumbar region accompanied by frequency of urination, dysuria, 
P 3 uria and tirgcncj’, and marked burning on urination. The pain was more marked 
in the left lower quadrant in the region of the lower left ureter. He had been 
treated elsewhere for C3'sti(is and c 3 's(oscop 3 ' had been done on several occasions, 
but no de/inite diagnosis had ever been made. C 3 'stoscop 3 ' was performed at the 



Fig. S. — A, pyelo-ureterogram of the left side revealing an unusual shape of 
pelvis without calices and also a diverticulum of the lower portion of the ureter. 
B, pyelogram made in the same case after the injection of iopax, revealing good 
excretion of the opaque substance with presence of a slight hydronephrosis and 
good function of right kidney. Note the bizarre shape of pelvis on the opposite 
side, disclosing the presence of a congenital malformation of the left kidney, which 
was assumed to be a hypoplastic organ. 


urological clinic of the New York Hospital on September 19; both ureters were 
catheterized, and a differential functional test made. 

The specimen of urine from the right ureter was clear and contained 9 Gm. of 
urea per liter ; that from the left ureter was also clear and contained 0.5 Gm. o 
urea per liter. The phenolsulphonphthalein test gave the following results, time 
of appearance from the right ureter, eight minutes ; per cent of phcnolsulp ion 
phthalein, 3 ; time of collecting, ten minutes ; from the left ureter, no piicnolsulp ion- 
phthalein; time of collecting, ten minutes. 

Microscopic examination of the sediment of the wet specimen from the right 
ureter showed II red blood cells and 18 epithelial cells per high power field, rom 
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the left ureter, 18 white blood cells in clumps per high power field and many 
epithelial cells. 

A roentgenogram and pyelogram of the left side showed a greatly distorted 
left kidney with complete absence of calices ; also the ureterogram of the left side 
disclosed a diverticulum at the lower end and much distortion throughout. As 
there was practically no function on the left side, it was thought that the patient 
had either an atrophic or diminutive kidney on that side or possibly a tubercu- 
lous infection. Guinea-pig inoculation was done on several occasions, but no tuber- 
culous infection was demonstrated. To check up these findings an intravenous 
injection of iopax was given, with the result that the right kidney was found to 



Fig. 6 (case 2).— A, drawing of the specimen removed at operation, showing 
evidence of an underdeveloped kidney with marked fetal lobulations and hydro- 
nephrotic plevis. B, sagittal view of the same, revealing that the renal paren- 
chyma is here formed only of cortical substance and that there is no evidence of 
calices, papillae or medullary substance of the organ. This type of h 5 'poplastic 
kidney, although having some excretor>- function, is incapable of undergoing com- 
pensatory hypertrophy and should be diagnosed by both the ascending and 
descending urographic methods. 


lavc good c.xcrction of the opaque substance, thus establishing the presence of a 
normal right kidney. In the left kidne.v, however, the elimination of the iopax 
did not appear for three hours, and the shadow thus obtained showed an irregular 
Mi.apc of the pelvis with absence of calices, thereby disclosing the presence of a 
I'athologic or atrophic kidney, for which nephrectomy was recommended. 
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ilic operation wns carried ont on Sepleniher 26. When the Jddney was 
removed at operation, it was found to he infantiJe in type with a Iiydroncphrotic 
pelvis and little corte.v. \\-))en the org.in was opened, it could readily be seen 
Dial It was formed only of cortical substance, that there were no pyramids, papillae 
or calices aiul that the thin and narrow margin of the cortical substance was 
attached to a hydronephrotic pelvis, as can he seen in the drawing here reproduced. 

1 he patient made an nneventful recovery, leaving the liospifal eighteen days after 
the operation. Hut owing to tlie diverticulum left behind after an incomplete nepbro- 
urctcrectomy, he is at present complaining of some discomfort, for which he has 
been receiving cystoscopic treatments. He has been advised to have a secondarj' 
ureterectomy for the removal of the infected stump of the ureter and the diverticu- 
lum. 1 he conclusion to he drawn from this case is that the presence of a congen- 
ital malformation of the kidney had been the underlying cause of the pathologic 
process, and that the organ was a hypoplastic kidne 3 ' with pracficallj" no excretor}' 
renal function and, therefore, incapacitated to undergo compensator}' hj’pertrophy 
in order to sustain life. 

Lxamination of the specimen showed a kidne}' measuring about 9 cm. in length, 
with a width varying from 2 cm. at the upper pole to 6 cm. at the lower pole and 
4 cm. in thickness. The organ was irregular in shape with remnants of the fetal 
lobulation. On opening the kidney, it was evident that the pelvis was greatly 
dilated, measuring about 3 cm. in width, and that it extended through the whole 
length of the kidney, like a thick-walled sac. Only the remnants of the calices 
could be seen; the pyramids were flattened out. Microscopic sections showed 
tubules which were on the u-hole quite well preserved. There was slight congestion 
of the vessels, including the capillaries of the glomeruli. A few of the tubules and 
capsular spaces contained a pink staining of homogeneous material. The epithe- 
lium of the pelvic mucosa was well preserved. The underlying fibrous tissue was 
increased in amount and contained a diffuse scattering of lymphocytes and a few 
plasma cells. The ureter showed some increase of fibrous tissue beneath its lining 
of epithelium, and also a diffuse infiltration of lymphocytes. 

The final diagnosis was a hypoplastic kidney showing marked extrarenal pelvis, 
with chronic pyelitis and practical absence of pyramidal tissue. 

The report of these two illustrative cases of ]t 3 'popkstic kidnej^ wiil 
serve to attract attention to this unique condition of the kidneys, in 
which the organ, wlten infantile or hj'poplastic in t 3 'pe, owing to under- 
development, is incapacitated for undergoing compensatory l73'pe3-tro23hy 
or for functioning efficiently enough to sustain life. It is essentia! that 
the surgeon be i\'e]l acquainted with the clinical importance of this entity 
and be able to recognize it, in order to prevent fatal results. Toda 3 ’ the 
diagnosis of this clinical condition is possible if based on the differential 
functional renal test and on the comparative stud 3 ' of p 3 'elographic data, 
as the report of these two cases has demonstrated. It is ver 3 ' important, 
therefore, that the differential urographic diagnosis of the condition he 
borne in mind, since this abnormal type of kiclnej'' may'' readily be con- 
fused with the presence or the association of other different types of 
lesions, such as are frequently observed in the acquired or secondare 
atrophy of one kidne}', due to tuberculosis, tumor, calculous diseases, 
pyelonephritis or h 3 'dronephrosis. These acquired t}'pes of pathologic 
process in the kidney are seen commonl}' at postmortem examination 
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and also on pathologic or clinical examination of cases. Furthermore, the 
hypoplastic kidney should always be differentiated from other common 
types of anomalies, such, for instance, as the double kidney, in wliich 
the appearance in the pyelogram of the upper pelvis alone, always 
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Fig. / (case 2).— Photomicrograph of section made from the removed specimen 
nnrmri'^ 1 studies reveal the presence of glomeruli and tubules of a 

mthnl the clinical appearance and the gross anatomo- 

ogic data arc obviously those of a hypoplastic kidnej'. 

ditiiinutit e in size and assuming a T form or mushroom shape causes 
•1 misleading interpretation of the urographic findings, if, in taking the 










7(U 


A Ran Ills O}! SURGILRY 


uie(cioi)\cI()t(nnns tlic double pelvis nml ureters have not both been 
]MO])cj ly \isuahzerl. J lu.s error 'is not infrequent when cystoscopy has 
)een done by inexiienenced hands, and is usually due to improper identi- 
ication of the two ureteral orifices on tlie one side of the bladder or to 
fadure to take the routine uretero])yclograius in cases in wliicli the two 
ureters of the double kidney pelvis unite before reaching tlic bladder. 
A miniber of such cases have been seen in the clinic. Nowadays these 
could he easily checked up by the intravenous method of urography. 
JIcnee, tliese so-called rare anomalies of tlie upper urinary tract should 
be carefully looked for and identified by means of both urographic 
methods of taking urograms, since a diminutive or rudimentary pelvis 



Fig. 8. — A, pyclo-iirctcrogram of the left kicincy revealing a diniinutive size 
of renal pelvis, resembling that of a hypoplastic kicincy, when in reality such a 
T-shaped or nnishroom-shaped pelvis indicates tlic presence of the upper pelvis 
of a double kidney. B, the two ureters of the same double kidney have been 
injected with the opacpic substance and tlic pyclo-urclerograin shows the anomaly 
of a double kidney with double pelves and double ureters on the same side. 


seen in a retrograde pyclogram is not alwa}'S conclusive evidence of a 
hypojdastic kidney. 

Finally, these three types of renal lesions under discussion have 
another generic relation or clinical similarity which it may be of interest 
to mention ; namcl}', that tltc hypertrophic kidney, wltich is anatomically 
larger since physiologically it is carrying on the function of its mate, is 
commonly associated with nephritis and pyelonephritis, and conse- 
quently is always symptoinaticall}^ jrainful. Both organs may, therefore, 
be affected at the same time with some other types of associated 
pathologic process. Hence, in this series of cases, it has been observed 
that the presence of ]>crsistcnt pain in both lumbar regions may mislead 
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at the outset in the clinical interpretation. Lumbar or abdominal pain 
on the one side is due to the pathologic position occupied by the hyper- 
trophic and hyperfunctionating kidney, while on the other side it is 
usually caused by the hypoplastic or aplastic condition, in which, because 
of the lack of function and the chronic infection, the retained urine and 
the lack of dynamism cause renal nephralgia in the corresponding 
lumbar and abdominal regions. These clinicopathologic factors must, 
therefore, be borne in mind, since a hasty examination of a patient 
with a large palpable kidne}’ on the one side might lead to a fatal opera- 
tion, if the necessity for a differential renal functional test or p3'elo- 
graphic studies was not recognized. 

Although a thorough examination and careful histor)- are alwa\’s 
important in the clinical study of anj' given case, the differential diag- 
nosis in potential surgical anomalies or anj”^ other conditions of the 
kidney should always be based on the comparative estimation of the 
renal functional test and on the evidence obtained from the cystoscopic, 
roentgenographic and urographic data. In this waj' alone can a sound 
and permanent prognosis be assured. 

REXAL APLASIA 

The condition of unilateral renal aplasia may be best explained by 
saying that it is the extreme expression, in a clinical and anatomo- 
pathologic sense, of hypoplasia of the kidney, wliich is characterized 
by a congenital defect or arrest of development of one kidney, accom- 
panied by hypertrophy of its mate. It is, however, dift'erentiated from 
hypoplastic kidney in that the rudimentary and diminutive structure, 
supposed to be a renal organ, is a small mass of aberrant fibrous tissue, 
which, although it may be microscopically formed of embryonic and 
sclerotic or even calcified glomeruli and tubules, has at no time had any 
excretory function. Moreover, the excretory apparatus per se of pelvis, 
calices and ureter is absent or incompletely developed. 

In the study of renal aplasia two types must be considered from a 
chnico-anatomopathologic standpoint. 

First, there are those cases in which the fibrous mass of renal tissue, 
'\hich may be found in the renal fossa or its vicinity, covered by the 
pararenal fatty capsule of the lumbar region, has a small or diminutive 
underdeveloped renal artery, which runs from the aorta to the aberrant 
amorphous mass of renal fibrotic tissue. 

There is no evidence, however, of true renal pedicle, renal pelvis or 
patent ureter, although a short, rudimentary, incomplete and function- 
css ureter may always be discovered in the course of a careful post- 
mortem examination. It is thus on the whole an organ which definitely 
ins never shown any signs of existence in a true sense, or ever accom- 
P’sied any anatomic or physiologic function. Nevertheless, because 
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o» (lie prc-sciicc of a ciimiimtivc retial artery, assuring a direct blood 
supply. It can eliminate into the mass of tissue the intravenously injected 
opaciue substance, bringing out by the roentgenogram the surprising 
revelation of the presence of alierrant renal tissue and thus serving to 
establish a diagnosis. 


1 he second grouj) of cases of renal aplasia consists of those in 
which there is no evidence of a renal artery in the diminutive aberrant 
librous mass of connective ti.ssue. and. therefore, no direct blood supply 
fiom the aorta or iliac arteries. All that exists is collateral branches 
coming from the su])rarenals and surrounding tissues, so that no sub- 
stance f)j)afjue to the roentgenograms can be eliminated to produce any 
shadow cast for diagnostic purposes. Furthermore, the pelvis and 
upper ])ortion of the ureter are anatomically or histologically absent, 
but nevertheless there is always evidence of the remnant of a functioii- 



Fig. 9. — Drawing to illustrate the two types of renal aplasia found in the 
literature; In i is shown tlie instance in which the aplastic rudimentary renal 
organ has a direct blood supply from the aorta by means of a diminutive renal 
artery. Note that there is no evidence of renal pelvis and that the ureter is ituder- 
dcvcloped and hence not patent. In 2 is shown the instance in which an aberrant, 
aplastic fibrous mass of renal tissue is found in the vicinity of the renal fossa, 
without direct blood supply from the aorta. Note the rudimentary development 
of the functionless ureter on the aplastic side and also the presence of both supra 


renals. 


less and incomplete or obliterated ureter in the aplastic side of the 
urinary bladder. 

These two types of renal aplasia are the ones that I have been a e 
to find in the misleading and confused literature of the report of cases, 
many of which have been recorded as congenital absence of one Kidne} 
when it is obvious that they were in reality instances of renal aplasia. 

This rare condition of the undeveloped aplastic kidne^'^ has been 
observed occasionally at postmortem examination. Campbell - recent } 
reported 39 cases from a series of 13,000 autopsies at Bellevue Hospita 

22. Campbell. M. F. : Congenital Absence of One Kidney; Unilateral Jlcnn) 
Agenesis, Ann. Surg. 88:1039, 1928; personal communication to the author. 
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and claims that renal aplasia is found four times more frequently than 
congenital absence of a kidney. This assertion is also confirmed In 
other authors, whose findings from postmortem examination and anato- 
mopathologic studies have been reported in the literature (Schilling. 
Risel,-^ Lorenz, =" Pfeiffer."’^ Ballowitz.-"^ Heilbronn,-® Gruber and 
Bing,-” Rosenbaum “ and others). This condition has seldom, however, 
been discovered at operation, unless a previous cystoscojnc and uro- 
graphic investigation has revealed it, as in I^IacKen7.ie and Hawthorne s 
cases published in 1928.“'^ But in reality, not until the present time, 
with the advent of pyelography following intravenous injection, has the 
accurate clinical diagnosis of renal aplasia ever been possible in the his- 
tory of medical science. 

The clinical and surgical aspect of this condition merits careful 
scrutiii}', since the aplastic kidney has no eliminatory function. Surgi- 
cal therapy must, therefore, continue to be along very conservati^'e lines, 
particularly when a radical operation such as nephrectoni}' is 
contemplated. 

Renal aplasia must, moreover, he differentiated from secondary or 
acquired renal atrophy, particularly in cases of occlusion or autonephrec- 
tomy due to disease or an associated pathologic process such as is com- 
monly observed both clinically and at postmortem examination. The 
varieties of renal atrophy are readily seen in chronic inflammatory 
lesions of the kidney, in traumatisms, tuberculosis, hydronephrosis, 
P5’onephrosis, nephro-ureterolitluasis and other acquired lesions in which 
the kidney may undergo complete destruction or atrophy.^- These 
instances of associated pathologic process may be conceded to be the 
cause of the acquired or secondary type of renal atrophy, which does 


23. Schilling, F. : Ein Fall von hochgradiger Aplasie der K'ieren, Virchows 
Arch. f. path, .-itnat. 232:176, 1921. 

24. Risel, Hans: Ueber Nierenhypoplasie, Freiburg, Spe 3 'er & Kaerner, 1903. 
-5. Lorenz, F. H.; Hj'poplasie und Aplasie der Niere, Munchen, Kastner & 

Callwey, 1907. 

n, Jvierenhj'poplasie, Ztschr. f. urol. Chir. 16:193, 1924; 

1927. 

-7. Ballowitz, E. : Ueber angeborenen einseitigen vollkommenen Nierenmangel 
' irchows .A.rch. f. path. Anat. 1«:309, 1895. 

190’^ Beilbronn, Joseph: Ueber congenitale Nierenanomalien, Wurzburg, Stahel, 


Yj“^ G- B., and Bing, Leo: Ueber Nierenmangel, Nierenkleinheit 

-^'"^‘^Srbsserung und Nierenvermehrung, Ztschr. f, urol. Chir. 7:259, 19Z1 

P.'ith Nierenaplasie, Frankfurt. Ztschr. f, 

• 1931 , 

31. MacKenzie. D. W., and Hawthorne, A. B. : Unilateral Renal A.,,: • 
Surg.. Gynec. & Obst. 46:42 (Jan.) 1928. 

Gutierrez, R. : The t'alue of Indwelling Ureteral Catheters in Tr • 
^Jirsery, Surg.. Gynec. & Obst. 50:441 (Fob.) 1930: Indications anVLn ’h 
"inhined Ureteroncphrectomy. .Ann. Surg. 93:511 (Feb.) 1931. 
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not iK'L'd to he cniplirisizcd at this lime, because it is obviously well 
vuiderslood l)oth clinically and by animal experimentation (Albarran,^^ 
Beer,'" Hinman,-''-' and J^arney 

In essential lenal aplasia, which is an arrest in its development, the 
tine kidney has never Iieen formed. It lias also been observed that there 
is no associated palholo^’'ic process or concomitant primary lesion except 
the sclerosis of the embryonic tissues, and that there is no sound 
cxjilanation for the absence of the cortical, medullary and excretory 
renal parenchyma, other than the concejition that it is the result of a 
lack of development during intra-uterine life, in which the mesonephros 
by an aplastic jirocess has not formed or produced the definitive kidne}". 
Hence it is to be assumed that the remnants of an aplastic renal tissue 
arc due to the remains of the primitive nephrogenic tissue, which have 
been left behind through an arrest in its development. Furthermore, 
this assertion can be sulistantiated to a certain extent by the recent work 
of Bagg on congenital defects in mice, in which there have been 
observed roentgenographicall}" many instances of absence of a kidney 
and other malformations, such as the development of rudimentary and 
diminutive aplastic and hypoplastic kidneys. 

Renal aplasia must also be differentiated from congenital absence 
of one kidne}’’ in which there is no anatomopathologic evidence of a 
diminutive organ or e\-en vestigial, aberrant tissue, so that neither the 
h^'^poplastic nor the aplastic kidne}' is in existence. In order to get rid 
of the confusion that reigns in this field, in which many authors have 
reported cases of congenital absence of one kidney when in reality there 
was evidence of renal aplasia, or vice versa, it appeared to me that it 
would be useful to work out a clinicopathologic classification that would 
make possible the differential diagnosis between these three conditions. 

To this end, I have summarized the most important clinico-anatomo- 
pathologic points of distinction, in the classifications which can be seen 
in the introduction of this communication. 

It is obvious that the fallacies of renal aplasia are the clue to errors 
in diagnosis, which sometimes lead to fatal consequences even vdien 
urologic examination has been carried out. Clinically, the patient has 
no symptoms related to the urinary tract, and merely complains of pain 

33. Albarran, J. : Etude sur le rein des urinaires, These Paris, 1889, no. 125. 

34. Beer, Edwin ; Collected Papers, New York, Paul B. Hoeber, Inc., 1931, 
p. 234; Experimental Study of the Effects of Ureteral Obstruction on Kidney 
Function and Structure, Am. J. M. Sc. 143:885 (June) 1912. 

35. Hinman, F., and Morison, D. M.: Experimental Hydronephrosis, Siirg.. 
Gynec. & Obst. 42:209 (Feb.) 1926. 

36. Barney, J. D.: The Effects of Ureteral Ligation: Experimental an 
Clinical, Surg., Gynec. & Obst. 15:290, 1912. Papin, E. : Les hydronephroses, 
anatomic et pathogenic, avec un atlas, Paris, Doin et Cie, 1930. 

37. Bagg: Am. J. Anat. 36:275, 1925. 
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in the lumbar region ; on cystoscopy the bladder appears, as a rule, 
to be normal, and there can be seen two normally placed ureteral orifices, 
although the ureter on the aplastic side is always obliterated and is 
therefore without excretory function. It can, however, be probed and 
admits a catheter no. 5 or no. 6 French for a distance of 4, 5 or 6 cm., 
but the remaining vesical portion of the aplastic ureter has never in 
any instance any physiologic function. The blind stump has no con- 
nection with the fatty mass of sclerotic renal tissue; consequently, since 
the pelvis of the kidney appears never to have been anatomically and 
physiologically formed, there is no excretion of urine. The ureter 
accordingly may be absent or partially absent, or may be found as a 


vJ 



.A. 


Fig. 10 (case 3). — P)-eIogram in a case of renal aplasia following injection of 
lopax; A, the opaque substance has been eliminated with good concentration b 3 ' 
the left kidnej-, revealing a normal pelvis and a hypertrophic left kidnej'. On 
the right side can be seen no outline of a kidney-, but four faint shadows are cast 
by the roentgenogram, indicating that the opaque substance has been excreted by 
some renal substance, which sened to establish a diagnosis of right renal aplasia. 
B, a drawing of the foregoing findings, which were confirmed at operation. 

thin thread of fibrous tissue, closely adherent to the parietal lat'er of 
the Itimbopelvic peritoneum and without clinical or pathologic signifi- 
cance. Furthermore, it can be observed clinically that when an opaque 
medium is injected into the catheterized aplastic ureter without excre- 
tory function, for the purpose of taking a pyelo-ureterogram, the ureter 
forces the fluid to regurgitate back into the bladder and does not allow 
>t to go up the lumen. Thus no further investigation can be pursued, 
JUid only a hypothetic diagnosis is possible. 
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J lie blood .su|)])ly is of extreme interest, since it may give the clue 
to the clinical or anatomopathologic diagnosis. At postmortem exami- 
nation no kidney pedicle is ever found except a vciy elementary or 
ludimcntaiy lenal artery that may run from the aorta to this indefinitely 
f<ilt_\ -I enal, fibrous mass of tissue. Sometimes it is not possible to 
identify oi find evidence of a true renal artery, and onlv the renal 
sciciotic mass of lipomatous tissue is observed, surrounded by innu- 
merable aberrant blood vessels, which are collateral branches or anasto- 
moses from the blood sujiply of the suprarenals. As a rule, there is 
no pelvis or ureter, but there may be found in the renal fossa, sur- 
rounded by a fatt}’ capsule and bound down bv fibrous bands of adhe- 
sions to the suprarenal, a small mass of fibrous tissue, formed b}' two 
or three small cysts attached together, representing dilatations of the 
renal tubules and apparentl}' containing a few drops of yellow viscous 
fluid that may have the chemical characteristics of urine, as in 
MacKenzie’s case and in the two cases that I am here reporting. This 
is why in taking a p\-elogram following intravenous injection of any of 
the new drugs in use. a few tiny patches of shadow ma}’’ be seen in the 
x-ray films, as in case 3 (fig. 10), in which the intravenous injection 
of iopax established the final diagnosis, which was suspected cysto- 
scopically and confirmed at operation. 

In the second case of renal aplasia here reported, the diagnosis was 
made at postmortem examination (see report of case 4) and the photo- 
graph of the specimen removed at autopsy plainly reveals all the charac- 
teristics of renal aplasia with its corresponding enlargement of the 
suprarenal gland (fig. 13). 

The anatomopathologic characteristic in these cases of renal aplasia 
is that the histologic section of the specimen removed reveals, besides 
the anatomic features already described, the definite presence of renal 
tissue, characterized by embryonic or sclerotic tubules and glomeruli. 

Sometimes the malpighian bodies may be occupied by deposits of 
lime or even calcification, and the elements of Bowman’s capsule may 
undergo degeneration ; there is also evidence of thick sclerosis of the 
blood vessels and connective tissue. The glomeruli have been invaded 
by connective tissue which appears to be undergoing h}’aline degenera- 
tion. The matrix of this connective tissue is much degenerated and is 
formed of flattened epithelium; at some points there can be seen areas 
of calcification or complete sclerosis of the glomeruli, and sometimes 
dilatations and degenerations of the tubules to the extent of cyst forma- 
tion, as in the instance of an underdeveloped polj'cystic kidney. Also, 
it is evident that the tubules may be found in groups and may appear 
very diminutive even under a high powered microscope. However, the 
problem of the histologic differentiation of renal aplasia from hypo- 
plastic kidney and renal atrophy is almost incapable of solution by 
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microscopic studies alone, without taking into consideration the 
anatomo-clinicopathologic data alread}^ mentioned. 

The symptomatologr- in renal aplasia, as in hypoplasia, is misleading, 
because these patients complain of pain in both sides of the abdomen. In 
the aplastic side this is due to the remnant of kidney tissue present , 
this acts as a foreign body, by virtue of the weight and irritant action 
of the amorphous renal mass, in which some of the glomeruli and 
tubules degenerate into cystic dilatations, which incarcerate a few drops 



Fig. 11 (case 3). — Photomicrograph of a histologic section from a specimen 
removed at operation, revealing the presence of elements of renal tissue, and thus 
confirming the presence of an aplastic renal organ. Note that the histologic 
studies disclose the presence of rudimentary and also of dilated tubules with 
marked sclerosis of connective tissue, thickening of the blood vessels and calcifi- 
cation of the glomeruli. 

of urine and ultimately, for lack of drainage, tend to form calcifications, 
and also to produce pressure on the surrounding tissues, thereby causing 
refle.x symptoms and indefinite abdominal pain. In the other side, the 
pain IS caused by the excessive size of its mate, which is anatomically 
<aud physiologically enlarged and overworked, resulting in compensatory 
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functional J’ypertropiiy and, therefore, leading to painful symptoms 
heic also, ihis bdaterahty of symptoms must always be borne in mind 
in c.stablishing the diagnosis. 

I he tieatment of renal aplasia, whenever it is diagnosed, is surgical. 
It consists of the removal of the remnants of the aplastic functionless 
kidney with as much as possible of the pararenal fatty capsule. 

The two illustrative cases of renal aplasia that I am reporting for 
the purpose of placing them on record are as follows; 

Case J. Exploratory htwho-abdomiml operation in case of renal aplasia diag- 
nosed previous to the operation. 

M. S., a Iioiiscwifc, aged 32, was admitted to the second surgical division of 
tlic New York Hospital, Nov. 2, 1931, and the case is here reported by courtesy 
of the director of the service, Dr. E. H. Pool, and the attending surgeon, Dr. S. 
Erdinan. TIic chief complaint was pain in the right lumbar quadrant of over two 
j'cars’ duration. Tlie patient had been examined elsewhere, and her condition was 
diagnosed as colitis, cholelithiasis, stone in the kidney or chronic appendicitis. She 
had slight frequency and nocturia but never recalled having had hematuria or 
pyuria. There was no history of trauma or of any operation performed previous 
to admission. 

On physical e.xamination, she was seen to be a rather obese widow of 
32, looking in no u’a}' acutely or chronically ill. The kidneys were not palpable, 
and no mass or abdominal distention was made out. There was no tenderness, 
but just to the left of the umbilicus a dull pain was present, radiating toward the 
right lumbar region. 

After the routine general laboratory and roentgen examinations of the gall- 
bladder and gastro-intestinal tract, the patient was sent to the urological depart- 
ment for examination. On cystoscopy, the inferior of the bladder rvas found to be 
normal except for a slight congestion around the right ureteral orifice. The left 
ureteral orifice was normal in size, shape and position. Both ureters were catheter- 
ized. A no. 6 French catheter met an obstruction in the right ureter about 5 cm. 
from the bladder. On the left side, the catheter was passed to the pelvis of the 
left kidney without obstruction. A specimen was collected from the left kidney 
for culture, urea and microscopic examination, but no specimen could be collected 
from the right side. One cubic centimeter of phenolsulphonphthalein was injected 
intravenously and appeared in three minutes from the left side. No specimen or 
color dye could be obtained from the right ureter. X-ray pictures and a pyelograrn 
were taken. The roentgenogram revealed no shadow indicative of stone anywhere 
in the urinary tract, but the outline of the left kidne 3 ^ was enlarged and could be 
definitely made out, while on the right side no renal shadow or outline of the 
kidnej' could be seen, and the sodium iodide injected into the right ureter regurgi- 
tated back into the bladder. Hence no pyelograrn could be obtained on the right 
side. In view of this finding, a pyelograrn after intravenous injection of iopax was 
advised. After various plates were taken, the outline of the pelvis^ of the Ic t 
kidney was clearly made out; the plate revealed good excretory function with tie 
presence of a normal pelvis, and apparently an enlarged hypertrophic kidney, n 
contrast to this, on the right side, no outline of any kidney could be seen, but our 
tiny indefinite shadows, each about the size of a pea, appeared at the level o t le 
third and fourth lumbar vertebrae in the region of the renal area, giving^a ^ 
impression that the iopax had been excreted by some kidney substance. b>o etmc 
evidence of pelvis or kidney could be made out. However, in view of the unusua 
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shadow brought out by the intravenous injection of iopax, associated with complete 
absence of renal function and impatency of the same corresponding right ureter, it 
was concluded that the patient should be submitted to an exploratory operation. 
It was assumed that a pathologic condition of the right kidney, possibly of congen- 
ital origin as in renal aplasia, was being dealt with. At operation a right lumbar 
oblique incision was made, and the fatt)' capsule opened, but no kidne}' was found. 
Instead, the operation revealed a small irregular, fatty, fibrous mass, which was 
clamped, tied and removed. The small shapeless mass of fibrous renal tissue was 
surrounded by blood vessels and bound down by adhesions, but no evidence of 
pelvis or ureter was identified or made out. The peritoneum was deliberately opened 
through the same lumbar incision, in order to explore the abdominal cavitj', and 
on palpation the gallbladder and appendix were found to be normal. i^Ioreover, 
an extensive exploration into the right lumbar region and down to the iliac fossa 
failed to reveal the presence of anything resembling a kidney. The posterior side 
of the peritoneum was also examined, for evidence of a possible ureter, but none 
could be traced or identified. Accordingly, the peritoneum was closed by a con- 
tinuous suture and the exploratorj’ operation was finished in the usual manner, 
closing the wound in layers without drainage. An uneventful convalescence fol- 
lowed, and the patient was discharged twelve days later in an improved condition. 
The pathologic report of the specimen removed at operation showed the presence 
of distorted, aberrant, renal tissue with sclerosis of the blood vessels, cyst forma- 
tion and areas of calcification, as can be seen in the photomicrograph (fig. 11). 

This case is perhaps the first to be put on record in which the 
diagnosis of renal aplasia was made urographically by the excretion of 
iopax administered intravenously. It may be concluded that in future 
cases of renal aplasia or other congenital malformations of the kidner^ 
when accompanied by a small or rudimentar}" renal artery, p}'eIograms 
made following intravenous injection of iopax will serve to confirm and 
clarify the diagnosis, which in this case was hypothetically made by 
cystoscopy and retrograde pyelography. 

Case 4. — Nephrectomy for multiple cortical abscess in a case of wiilatcral renal 
aplasia. 

Mrs. AI. K., aged 30, a housewife, was admitted to the surgical ward of the 
New York Hospital on Dec. 16, 1915, and the case is here reported by courtesy of 
the director of that service. Dr. Eugene H. Pool. The chief complaint was pain in 
the right lower quadrant with vomiting and nausea. The patient had been acutely 
ill for two days previous to admission. Except for a persistent dull pain in the 
right lower quadrant during the last year, the past history was irrelevant. 

On physical examination, the abdomen was rather large and rigid, making the 
palpation of deep organs almost impossible. Urinalysis showed a heavy-, cloudy 
urine, and the eighteen hour specimen was 390 cc.; specific gravity-, 1.013; reaction, 
acid; color, amber with presence of albumin and many epithelial cells; red and 
'vhitc blood cells were also present. In view of this finding, an x-ray picture was 
a -cn to rule out the possibility of urinary calculi. Cystoscopy was advised, but 
vas not done, because the patient was menstruating, and moreover, her critical con- 
> 1011 did not warrant delay. In view of the tenderness on the right flank, the 
pa pa lie mass in the region of the appendix, the acute symptoms and the negative 
div^' 1 ™ ^“'■Scon thought it advisable to explore the region of the appen- 
aiHl gallbladder. Accordingly, on December 17, under general anesthesia, a 
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sliort riKli! rccliis incision was made, wliich eslahlislicd tliat the appendix and 
f>aIlI)lnd(lcT were nf)riiia! and that the mass was positively a kidney condition. The 
inidline incision was then closed by layens, and Die patient turned over into position 
for kidney operation. An ohliqiie Iiimhar incision wa.s made to e.xpose the kidney, 
whicli was found to lie large and to he stirronnded by innannnatory adhesions of 
the iierirenal fat and other structures. '} he surgeon’s idea was 011I3’ to drain the 
abscess of the kidne.v, on account of the e.xfrcinely grave condition of the patient, 
since, as c,vsloscopy had not been performed, it was, of course, not known whetiier 
or not there was another functionating kidney’ on tlic other side. A nephrotomy 
was accordingly done in order to drain the nuiltiiile cortical abscess, but so much 
lieniorrhage resulted that it became necessary' to clamp the pedicle and perform a 
rapid nejihrectoiny in order to stop the profuse bleeding. The wound was closed, 
and the jiatieiit returned to the ward in poor condition. Five da3's later, as she 
was not eliininaling 0113’ urine and was in a grave uremic condition, another opera- 
tion was jierfornied on the opposite side under general anesthesia in order to 
explore the condition of the left kidney. To the surgeon’s surprise no left kidney 



Fig. 12 (case d). — Drawing in which right nephrectomy was done for multiple 
cortical abscess of the right kidney in presence of left renal aplasia discovered at 
postmortem examination, (No pyclogram of this case is available, since it 
occurred before the cstablisliment of the urologic department.) 

was found in the left lumbar region after a full e.xploration of the intiapcritoncal 
and extraperitoneal cavity. The wound was closed without drainage ^ 
genital absence of the left kidney was ascertained. The patient suftcred wi j 
complete suppression of urine and died in uremic coma four days after t le 
operation. 7'lic postmortem examination of this case, performed on eccm ler , 
revealed that the right kidney had been removed at operation and 
renal artery was occluded by a llirombus following ligation of the \ossc . n 
area of the left kidney a structure was found which represented the remains o . 
imperfectly developed kidney. This structure gave the impression f lat 
kidney was present only in a rudimentary stage. Its surface was 
a fibrous capsule, showing numerous .small blood vessels radiating 
of the organ. A section of the structure revealed the presence of a mar wc 3 u 
developed organ, in which the pyramidal and cortical substance con < no 
ferenfiated. The left rudimentary renal artery led to a fiat 
of tissue situated below the left suprarenal, and measuring .3 >3 . • 
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(fig. 13). The hilus was occupied by a cystlike structure which represented tlie 
pelvis. It was about the size of a bean and was filled with a clear, amber-colored 
fluid. The interior of this cavity communicated directly with a small, rudimentarv- 
ureter, which permitted the passage of a small probe, measuring 2 mm. in 
diameter. The lumen of this ureter was partially patent, and was found to be 
rudimentarj-. It was like a thin cord adhering to the peritoneum, and consisted 
of a separate upper and lower part without any connecting passage. A photograph 
of the specimen removed at postmortem examination showed an aplastic renal 
arterj- and a ragged mass of aberrant renal substance. A small portion of the 



(^3se 4). — Photograph of specimen removed post mortem showing the 
a ominal aorta, an enlarged left suprarenal gland and a mass of aberrant renal 
issue representing an aplastic kidney, in which can be seen a rudimentarj' renal 

arterj, coming from the aorta, and also a rudimentarv functionless ureter (see 
case report). 


c.ilice'' "n apparently without the formation of a renal pehns or 

' " each side of the aorta, however, a thick and enlarged suprarenal was 

present. 

glome histologic section of this mass of tissue revealed the presence of embrj'onic 
cu I and tubules, thereby implying that it was a case of renal aplasia. ' 

T*I ’ 

brincT^'^ startling lesson and is very instructive in that it 

feS out the importance of preliminary cystoscopy and complete 
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iiiolog;ic and iiwi^mpliic examinations in acute or chronic abdominal 
conditions, where the diajjnosis is in doubt — particularly in cases in 
which urinar\^ synij)toms arc jjrcsent — and in which the routine uri- 
nalysis shows microscopic j)yuria or liematuria. However, back in the 
da)’S when this j^atient was ojicrated on, tlie urologic department in the 
hospital had not been established, and not every patient was put through 
the routine urologic examination as today. Account must also be taken 
of the fact that the patient came to the hospital with acute abdominal 



Fig. 14 (case 4). — Photomicrograph of section made from specimen remo\e 
post mortem from the left aplastic kidney, revealing the presence of embryomc 
renal tubules with degeneration and marked hyalinization of the glomeru i, a so 
thickening of the blood vessels and connective tissue. There is a marked ten enc) 
to cyst formation of the tubules and the glomeruli. 

symptoms, not regarded as kidney disease. The coincidence that 
cystoscopy is seldom done in the case of a patient menstruating 
also be borne in mind. There was, moreover, for immediate considcra 
tion the acute condition of the patient, which required surgical 
vention without further delay and which unfortunately had a ^ 
outcome. From this case, as from many others reported in the litera 
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ture, the lesson to be learned is that, in operations on the kidney, the 
surgeon must always bear in mind the possibility of a congenital malfor- 
mation — lack of function in the opposite kidney, absence or lack of 
development in one of the kidneys, or the many other varieties of 
surgical anomalies, which are commonly found in this urographic era 
of accuracy in diagnosis. This case is obviously a graphic example 
of renal aplasia with a concomitant pathologic process in its opposite 
hypertrophic mate, in which type of case onl\- conservative surgical mea- 
sures and urologic treatment are properly indicated. 


CONGENITAL ABSENCE OF ONE KIDNEY 


Congenital absence of one kidney signifies the complete lack of 
development of one of the twin organs, and represents a picture in 
which neither the hypoplastic nor the aplastic condition is present. 

The absence of one kidney has been described in the literature from 
the time of Aristotle.^® ^’alsalva,^® Cruveilhier,® Morgagni,- Rayer ® 
and other writers of a past age have all mentioned this rare anatomic 
anomal}' found at postmortem examination. It has also been found 
occasionally during an exploratoiy- abdominal operation, but the clinical 
diagnosis, in advance of operation, was never possible until C3'Stoscopy 
and urography came into use. 

Practically all the cases recorded in the literature up to the 
urographic era were discovered at postmortem examination. In 1863, 
Hosier®® was among the first to make a collection of cases, reporting 
14 that he found in the literature. Then Beumer,^® in 1878, collected 
44 such cases. But it was Ballowitz who in 1895, did the important 
work of collecting and tabulating from the literature the descriptions 
of 213 cases, many of which were not actually instances of total agenesis 
of one kidney. IMany other cases have meanwhile been reported and 
the literature has been reviewed on several occasions : by Moore in 
1898, by Radasch^® in 1908, by Anders^® in 1910, by Borland in 


IRil^ by Rayer: Traite des maladies des reins, Paris, J. B. Bailliere, 

• Alorris, quoted by Henry: Surgical Diseases of the Kidney and Ureter, 
nduding Injuries, Malformations and Misplacements, London, Cassell & Co, 
lyOl, vol. 1, p. 18 . 

39. Mosler: Arch. d. Heilk. 10:289, 1863. 

^0. Beumer: Ueber Nierendefecte, Virchows Arch. f. path. Anat. 2:344, 1878. 
1899 Unilateral Renal Aplasia, J. Anat. & Physiol. 33:400, 1898- 

■ ^°"Senital Unilateral Absence of the Urogenital System 

M c,- Development of the Wolffian and Miillerian Ducts, Am I 

-u. 8c. 136:111 (July) 1908. 

Practirn'i"''c -I’ ' ‘-°"Senital Single Kidney with the Report of a Case : The 
(Starch) Condition with Statistics, Am. J. M. Sc. 39:313 

01)st. ^3:303 Toif Consideration of Renal Anomalies, Surg., Gynec. 
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1911. in- l-nsciulradi in 1923 and by Goldstein '''■ in 1925. More 
iccently, Collins ’' of the Mayo Clinic suininanV.ed the study of 581 
c.isos of coiii^cnital unilateral renal agenesis, among which he has 
included 9 from the Mayo Clinic, from a series of 6,349 consecutive 
jmstmortein examinations, thus representing an incidence of 1 in 705 
cases. 


It appears, however, that most of the writers who have discussed 
the ahnonnality of the absence of a kidney have failed to differentiate 
this condition from the fnsed kidney, the aplastic kidney, the h3^po- 
plastic kitinev and the atrophic kidne}-, as I have already pointed out. 
Man}- authors \vho have reported cases of unilateral renal agenesis have 
described the j^resence of an aberrant aplastic or hypoplastic mass of 
renal substance, or of connective tissue, or of a rudiinentarj^ and incoin- 
j)Ictc ureter on the oj)posite side, representing an incomplete develop- 
ment of nephrogenic tissue, which obvious!}' cannot be accepted as the 
essential and genuine absence of one organ in an anatomic or histologic 
sense. 


Table I . — Cases of Conejenita! Absence of One Kidney as Collected from the 
Literature on- the Basis of Postmortem Findings 



Xumber 

Left 


of 

KIcIncj' 


Cases 

Absent 

Bnllowltz 

21.-1 

117 

Jlnnklcivicz 


127 

Cndon? 

27S 

13C 

Ontliolfn 

00 

10 

Campbell 

10 

0 

Bran sell 

9 

8 

Collins, D. C 

GSl 

31S 


Right 

Kidney 

Absent 

Side 

Not Indl- 
cn ted 

Keinnio 

.1 

Male 

Left Riffbt 

Left Eiglit 

ss 

8 

70 

42 

.31 

34 

07 

12 

70 

47 

31 

51 

00 

40 

78 

44 

31 

32 

10 

0 

I 

1 

S 7 

4 


0 

0 

4 

1 

1 


4 

r> 

233 

25 

231 

2S1 


Accordingly, from a close scrutiny of the literature with reference to 
the tabulation and description of all the cases reported, and also from 
my own observation, I have come to the conclusion that approximately 
from 35 to 40 per cent are not in reality authentic cases of unilateral 
renal agenesis, and that this is the reason why some other writers have 
gone so far as to state that renal aplasia is four time more common than 
congenital absence of one kidne}'. Finall}', in order to differentiate these 
three conditions under discussion, I have made a classification based on 
the clinico-anatoinopathologic data which can he seen in the tabulation 
in the introductory section. 

In this section, therefore, I shall deal only with the cases of complete 
unilateral renal agenesis or congenital absence of one kidnc}', most com- 
monly described as unilateral solitar}' kidney. But in the surgical stiK} 

45. Eiscndrath, D. N. : Congenital Solitarj- Kidney, Ann. Surg. 79:205, 19,4. 

46. Goldstein, A. E. ; Congenital Absence of One Kidney ; Review of Lilcra 
lure and Report of Two Cases, South. M. J. 18:750 (Oct.) 1925. 

47. Collins, D. C. : Congenital Unilateral Renal Agenesis, Proc. .Staff 5 cc 
ifayo Clin. 6:581 (Sept. 50) 1951. 
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of congenital absence of one kidney, the cases fall into two groups when 
regarded from a clinico-anatomopathologic point of view. The first 
group contains the type of the true solitar\' single kidney in which there 
is complete absence of both the kidney and ureter on the one side. The 
single renal organ may be found in ectopic or cross ectopic position, 
but in this type of total agenesis there is only one ureteral orifice open- 
ing into the bladder and half of the trigone has not been developed. As 
a rule, this anomaly is accompanied by some form of congenital mal- 
formation, particular!}* of the genital tract, as can be seen in two of the 
cases that I am here reporting (cases 5 and 6). 

The second group consists of the type of the solitary fused kidney, 
in which there is evidence of union of two nephroblastomas into one 



Fig. 15. — Drawing of the different types of congenital absence of one kidney, 
as collected from the literature : 1, the true congenital solitary* single kidney*, in 
which half of the trigone is absent, and there is only one ureteral orifice opening 
wto the bladder (note the absence of the renal artery* on the opposite side and 
also of the corresponding suprarenal capsule) ; 2, instance erroneously* recorded 
as solitary kidney, when there is anatomic evidence of nephrogenic tissue on the 
other side ; 3, solitary fused single kidney* with two ureters opening independently 
'ito one side of the bladder ; 4, solitary* single kidney with ureter in cross ectopia ; 
- . solitary ectopic single kidney* ; 6, fused solitary kidney* with two pelves and two 
oreters m cross ectopia, opening normally into the bladder; 7, the rare instance 
^ a single ureter formed by the fusion of the ureters from two separate kidneys ; 
. horseshoe kidney with a single pelvis and ureter and absence of trigone. Note 
at the essential congenital solitary* single kidney* is represented in drawings 1, 4 
and that with the exception of 2 and 7, the others are varieties of fused 

^'uney. 
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otgan, characterized by the ])resencc of two pelves and two correspond- 
ing ureters, which nia\- open either normally or abnormally into the 
bladder (fig. 15, nos. 3 and 6 ). Of this variety of fused kidney, which 
is so ficrjuenth' confused in the literature wdth congenital absence of 
one kidne3% I <•'^1 reporting an interesting example in case 8 of this 
SCI ics. Jllscu'hcrc, I have described ■** the different t3'pes of renal 
fusion, classifving them according as the3' present a S3nnmetrical or an 
as3'mmctrical form of renal union. The S3’mmetrical form is the t3'pical 
horseshoe kidnc3'. while the as3anmetrical embraces such forms of uni- 
lateral renal fusion as the L-shaped mass, the sigmoid, the hour-glass, 
the ring-shaped or the fusion in cross ectopia. All of these are charac- 
terized b3’ the presence of two corresponding pelves and two ureters, and 
hence should not be confused with the true solitar3^ kidney, i. e., the 
congenital absence of one kidne3^ Furthermore, in the collection of 
unusual cases recorded in the literature and portra3'ed in the drawings 
of solitaiy kidne3' in figure 15, I have inserted the rare condition of a 
single ureter with two kidneys, an anoinal3'- that has been recorded in 
the literature onl3’’ three times, b3'^ Hepburn,'^'’ von Hansemann and 
Braasch,®^ who made the diagnosis in vivo b3' p3'elograph3^ This condi- 
tion, no doubt, is misleading in the diagnosis because there is only one 
ureteral orifice opening into the bladder and because clinically or C3!'sto- 
scopically there appears to be a single solitary kidne3'’, when in reality 
it is a single ureter with two separate kidne3'S. Obviousl3', this rare 
anomaly can be discovered by the intravenous urographic method or b3’" 
the routine method of taking ascending and descending pyelo- 
ureterograms. 

Embr3'ologica]l3% the complete absence of one kidney'' is best explained 
hy^pothetically^ as a developmental defect of organic origin, in which the 
nephrogenic membrane or elements of the wolffian duct undergo an 
arrest in their development of the primitive nucleus, which never has 
been formed on the one side ; hence the corresponding half of the 
urinary apparatus is absent from the eaidiest period of intra-utenne 
embry'-onic life. It is also of interest to note in this connection the 
marked frequency' with which genital anomalies are met in these cases 
of unilateral renal agenesis. The corresponding miillerian duct on the 
agenetic side is also absent, and this embry'onic defect is direct y 
i-esponsible for the absence of the genital organs, obviously' more strik- 
ingly' observed in the female than in the male, because the genital organs 

48. Gutierrez, R. : The Clinical Management of the Horseshoe Kidney, Am. J. 
Surg. 14:657 (Dec.) 1931; 15:32 (Jan.); 345 (Feb.) 1932. 

49. Hepburn, quoted by Eisendrath.'*® _ 

50. von Hansemann, quoted b}" Papin: Chirurgie du rein, Paris, Doin s' e, 

1928, vol. 1. 

51. Braasch, W. F. : The Clinical Diagnosis of Congenital Anomaly m 
Kidney and Ureter, Ann. Surg. 56:726 (Nov.) 1912. 
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of the female are derived from the miillerian duct. It should, therefore, 
be assumed that the absence of vagina and uterus or any other important 
anomaly of the genital tract in the female suggests the enormous proba- 
bility, amounting almost to a rule, that there is also congenital absence 
of one kidney. The incidence and multiplicity of these varieties of 
anomalies of the genital tract have been well discussed in the literature, 
and according to the statistics on record they are met with in approxi- 
mately 70 per cent of cases where one kidney is absent. 

Since the Ballowitz report appeared in 1895, the association of 
genital and renal anomalies has been further emphasized by Guizzetti 
and Pariset,^^ Winter, Bolaffio,=^ Engel, Eismayer,^« Papin,=‘ Eisen- 
drath,^® and more recently by Collins.*^ The last-named author has 
recorded the presence of 338 genital anomalies in 581 cases of congenital 
solitar}" kidney, 129 being in males and 209 in females. 

It is obvious that, with the multiplicity of embryonic malformations 
of both the genital and the urinary system, one may reasonably expect 
that the complete absence of the nephroblastema elements -will rather 
frequently involve some other anatomic structures. When the kidney is 
absent, it is clear that the blood supply on that side is also absent, and 
the aorta at autopsy shows, in fact, no e\'idence or vestige of any 
branch of a possible renal artery on the agenetic side of the body. 

It is significant from an embrj-ologic and histologic point of \aew 
that the suprarenal gland is developed from t\vo different sources which 
combine to form the complete organ. It is known that the cortical and 
the medullary portions of the suprarenal are formed from trvo different 
tissues. The cortical portion is derived from the columns of cells which 
bud off from the wolfban body, and is therefore of mesoblastic origin. 
The medullary portion of the gland, on the other hand, is developed 
in connection with the sympathetic nervous s}'stem and so is mainly 
of epiblastic origin. Hence, as the nephrogenic tissues of the wolffian 
duct are absent and have not developed the definitive kidney, it is 
assumed that the suprarenal, lacking one of its essential elements, is 
also absent. 


This embryo-anatomohistologic conception of the derivation and 
formation of the suprarenal gland offers a basis for a new theoryq that 
when a kidney is not formed the suprarenal gland on the corresponding 
agenetic sid e is likewise not formed. This theorj^ may ser\'e to estab- 

Pariset: Beziehungen zwischen Missbildungen der Nieren 
der Geschkchtsorgane, Virchows Arch. f. path. Anat. 204:372, 1911. 
w. Winter: .A.rch. f. klin. Chir. 69:611, 1903. 

Balaffio: Ztschr. f. Geburtsh. u. Gj-nak. 68:261. 1911. 
sx Engel, D.: Beitr. z. path. Anat. u. z. allg. Path. 67:549, 1920. 

Ztschr. f. urol. 

Papin. E.: Chirurgie du rein, Paris, Doin et Cie, 1928, vol. 1, p. 137. 
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]M-ccI.sposing to urinary stasis, owing- to Jaclc of drainage plus infection 

n r '"'T' ’ T''- ''■'"= i" 

h , 7 7 kidney, and 

c. icpo. t fio.n die Ma 3 -o Clinic,'^ is very convincing when the condi- 

170 icinaining kidney is descrilicd as normal in 281, diseased in 

aiK no stated in 121. Jherc were 110 subjects who died from 
disease of the genito-urinary tract, namely, p3^cloncphritis, 27 cases; 
ncphiohthiasis, 24; iireterolithiasis, 16; chronic nephritis, 13; bydro- 
ne])hrosis, 12; renal tuberculosis, 4 and infarction and carcinoma of 



i'" 


Fig. 16 (case 5). — Pyclo-urelcrogram showing a solitary ectopic single kidney 
lying in the iniciline of the bony pelvis in a patient sulTcring from pycloncpliritis 
and chronic uremia. 


the single kidnc 3 ', ^^^h a case. In addition, there arc records of many 
errors in diagnosis and death from operations unwittingly performed 
on the single kidne 3 r.“® Also Young,®® Eisendrath,'’® Collins,*' 

58. Andre : Anuric calculcusc dans tin rein tiniquc, Ann. d. inal. d. org. gcinto- 
urin. 29:123, 1911. Cathelin; Le rein unique au point de vue cliirnrgical, Bull, 
mcd. 23:87, 1909. Eliot; Etiologic, pathogenic, traitement dc I’anuric, These dc 
Paris, 1910. Alharran, J, ; Nephrcctoniic dans tin rein unique, Assoc. Iranr,. 
d’urol., Paris, 6th session, p. 133. Gninard: Nephrcctomie droitc pour p>o- 
nephrosc calculcusc, inort: rein uniciuc, Bull. Soc. dc chir. dc Paris 30:1077, 19 
59. Young, H. H. : Young's Practice of Urology, Philadelphi.-i, W. B. 
Saunders Company, 1926, vol. 2, p. 11. 
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Ransohoff.'^'’ Campbell " and other writers have cited from the litera- 
ture 12 deaths following nephrectomy performed on the solitary single 
kidney. 

The solitary single kidnej' is anatomicall}’ and phj siologicall} 
enlarged, owing mainlv to the compensatory functional hypertrophj . 
The weight of the single organ is approximately double that of a normal 
kidney, and in view of its having been overworked through carrying 
on the total excretory function, the organ undergoes a certain degree of 
degeneration of its elements, ending in a marked degree of hyperplasia. 
At the same time that it is pathologically enlarged, chronically inflamed 
and adherent to the kirrounding tissue, it becomes painful and 
exquisitely sensitive to pressure and palpation, giving rise to abdominal 
symptoms which in mairy instances have been taken for chronic appendi- 
citis and other conditions erroneously diagnosed. 

The single kidney does not eliminate a sufiicient amount of urine, 
and there is evidence of other metabolic disorders of pluriglandular 
origin, such as cutaneous neurofibromatosis, adiposity, hypertrichosis, 
cutaneous pigmentation and neurodermatitis. There is marked hypo- 
thyroidism, produced in all probability by lack of sufficient elimination 
and by autointoxication, causing reflex symptoms, hypogenetic func- 
tion and a chronic uremic condition, in which the patient’s body some- 
times gives off a strong odor of urine. Obviously the chemical analysis 
of the blood reveals enormously high figures in the concentration of 
urea, creatine, creatinine and other constituents. The elements of the 
urine are also highly concentrated, and the total output is sometimes not 
even half of what should be eliminated in twenty-four hours. 

hen the history of a woman of nervous and irritable type is taken 
and she mentions that she has never menstruated, and when on ph 3 ’sical 
examination absence of external and internal genital organs is obsen-ed, 
then even in advance of urologic examination a diagnosis of congenital 
absence of one kidney can potentially be made, as in cases 5 and 6 here 
reported. In case 7, this could be proved cystoscopically and urographi- 
cally. and in all three cases the diagnosis was confirmed on operation. 

These patients suffering from congenital malformation of a solitar}' 
smgle kidney must be treated in a conservative way, both surgically and 
urologically. In cases in which there is evidence of pyelitis and pyelone- 
IMintis with pus in the urine, marked oliguria and other urinary dis- 
orders and uremic symptoms, the patient should receive cvstoscopic 
treatments consisting of lavage of the pelvis of the kidnev, even using 
>u acute conditions the method of the indwelling ureteral catheter in 
order to secure drainage and to correct infection. This was done in 


Suprarenal 

t p ">00 " • Surgery. Phildaelphia. \\ . B. Saunders Company, 1912, 
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case 5 on several occasions, and by this means the patient was saved 
from fatal uremia. 

Operations on the solitar}' single kidney for removal of stone may 
be urgently indicated. The most suitable procedure to use, after the 
kidney or the ureter has been exposed in the usual manner, is either 
P3’elostomy or urcterostomyj which should be regarded as the method 
of choice. The single kidneys bleed profusel)" on account of the marked 



Fig. 17 (case 5).— Drawing of a sagittal view, showing the 
single kidney lying between the bladder and the rectum, and also re\eii ® 
absence of all genital organs in a patient in whom an artificial vagina la 


constructed. 

degree of h 3 'perp]asia and parenchj'inatous nephritis present , he > 
when nephrotomy or nephrostomy for drainage or for the remot a 
stone is done, it should be regarded as a last resort. 

Finally, it is essential that, in calculous disease or in anuria 
solitarj^ single kidney, perfect drainage either from below or rom ' 
be obtained urologicall}" or surgically, in order to secure t le e inm . 
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of urine, thereby assuring the restoration of function and securing 
preservation of life. 


Case 5.—Coyigcmtal absence of one kidney, the solitary organ being an cctopic 
single kidney, lying in the midlinc of the bony pelvis, associated ivith the congenital 
absence of vagina and internal genital organs, 

Mrs. E. F., aged 32, was admitted to the ward of the first surgical division of 
the New York Hospital at midnight of July 11, 1931, in a critical condition. On 
admission, her chief complaint, she stated, was a pain in the abdomen which she had 
had for a w’eek and which during the last three days had become \ eiw ser ere, 
accompanied by nausea, vomiting, dysuria, frequency and burning on urination. 
The pain was constant and sharp, located in the right lower quadrant and radiating 
toward the umbilicus and the right lumbar region. She gave a history of having 
had hematuria several times following an attack of pain ; she had also suffered 


from chronic constipation and had never menstruated. 

On physical examination the patient was seen to be an overdeveloped woman for 
her age, rather obese, chronically ill, with a hypothyroid constitution. The past 
personal historj- was of interest. She stated that ten years previously she was 
operated on for construction of an artificial vagina, and there was a history of her 
having had two more abdominal operations for adhesions. The vaginal plastic 
operation was followed by gonorrhea. She has been married twice and has led a 
very miserable life. 

Gynecologic examination showed much congestion and redness of the external 
genital organs, also scars of the plastic operation ; no normal genital organs could 
be made out. The meatus of the urethra and the clitoris were normal. 

Rectal examination revealed no palpable uterus or ovaries, but there was an 
enlarged tumor mass, rather mobile, which extended up to the umbilicus in the 
median line and was painful on pressure and free from the rectal wall. Y'ith these 
findings, many tentative diagnoses were made at the time of admission, and the 
impression was that of an abdominal tumor: (o) ovarian cyst, fb) fibromyoma of 
the uterus, or (c) retroperitoneal sarcoma. 

On July 13, cystoscopy was performed. Examination showed a single right 
ureter with absence of one half of the trigone and the left ureteral orifice. The 
right ureter was readily catlieterized, but the catheter met with an obstruction 
about 5 cm. from the bladder. Intravenous administration of indigo carmine was 
then given. Three and one-half minutes after the injection, it appeared from the 
right kidney, and no excretion was noticed in the bladder, urethra or vagina. It 
was therefore assumed that the patient had a right solitary- kidney. Roentgeno- 
grams were taken before and after injection of sodium iodide into the pelvis of the 
right kidney. A pyelogram revealed an ectopic solitarj- right kidney. week 
later lopax was administered intravenously and a pyelogram confirmed the findings 
m the other. The patient was discharged from the hospital as improved two weeks 
atcr with the advice that she return to the female urologic clinic, where I have 
cen treating her for the last six months. Owing to the anomalous position of the 
ectopic sohtarj- kidney, she is still suffering from abdominal pains. She is also 
complaining of chronic uremic symptoms with nausea and vomiting, and has been 
rea muted twice to the hospital suffering with chronic uremia and acute pyelitis 
.lit pyelonephritis ; on several occasions an indwelling catheter has been placed in 
le pelvis of the kidney in order to secure drainage, to correct infection and to 
eiietc the uremic condition. 

having routine cystoscopic treatments in the clinic with 
•ge oi the pelvis of the kidney, which makes her life more comfortable and 
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iiKi/J, I iniilitm of ihr rxirriial and inlci iial i/nii/af an/ans. 

Miss K ,S , 22 yinus iif ;tnc, was reform/ from (lie Nursery niul Cliild Ilosiiilal 

™ .pS;;;;;:m:r "" •*’ si,e ^ 

. . . . .mil, 1 ( 1 , 1, 1 :i lai-Ke palimlile Iniimr mass cm (he riR/K flank of the akiomcn 

uas eas./y de(ee(e,l On A/arel, 2*1. 19.30, she was o„e.-a(eci on in anod.cr ImpM 
for eiirnmc apiiendicK.s, a( wh/d. (ime an exp!ora(orv operahon proved (he 
absence of (he nKernal ,reni(al orKa.is and revealed a dironic inflamed .appendix and 



A 


]''ip’, IK (ease 6), — pyeloprani made following in(ravenmis injeefion of lopa.^. 
revealinp (lie ondiiie of an enormously enlarged soli(ary ec(opie sinplv risl't 
kidney, J)tirinp an exploratory operation for ehronic ai))iendici(is (lie aliseiice of 
all (he peni(al orRans was diseovered. If, drawii.R ilhislr.niiiR (he (losifion of (lie 
ec(opic sinple riplu kidney, and revealii.R (he coincidence of (he coiiRcnifal ahsciico 
of one kidney wi(h coiiReni(aI ahsence of (he vaR'ina. 


a retroiierifone.al (nnior mass, which was helievcd (o he a (loa(inR kidney. 11'^ 
pa(ient had no vaRiiia, jialiiahle n(enis or ovaries. AldioiiRh she was well dei el- 
oped for her .ape, she had never menslnialed and had heen comiil.aiiiiiiR of .sliplk 
freipieney of iirimUion day and niRht, with sliRlit dysuria, in addifion (o (he inde- 
finile (lain in (he lower por(ion of (he ahdomen. ’I'lie jiliysical examina(ion n.as 
ncR.alive excep( for (he jialjiahle Itimor mass on tiie riplU side of (lie ahdomen, wliif i 
was lender on (iressnre. Analyses of (tic blood and urine pave iieR.afive rc.siihs. 
Cysloscopie examinadon (moved (he ahsence of the left side of (he (rlRone, and ako 
(he presence of only one ureteral orifice <m the riRht side of the hladdcr, I he 
sinple ureter was cadielerized, and the urine obtained was clear. Iiidipo r.irnu’nc, 
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given intravenously, appeared in three minutes in the right single kidney. No other 
indication of blue was seen in the bladder, in the vagina or in the external genital 
organs. X-ray pictures and pyelograms revealed a single enlarged, hypertrophic 
and ectopic right kidne}*, occupt'ing the right lumbo-abdominal-ischial fossa. To 
ascertain this diagnosis, an intravenous injection of iopax was given a week later, 
whereupon the pyelogram also confirmed the same discovery— that the left kidney 
was absent. The right kidney, which was well visualized, showed a marked degree 
of dystopia and compensatory hypertrophj', thus proving the presence of a solitarj- 
congenital ectopic right kidney. There was no shadow indicative of stone any- 
where in the urinary tract. A diagnosis was made of congenital absence of one 
kidney associated with congenital malformation of the external and internal 
genital organs, and with absence of the vagina. In this case the diagnosis was 



A 


Fig. 19 (case 7). — A, pyelogram made after the intravenous administration of 
'opa.x, revealing an enlarged left single kidney normally placed, in which diag- 
nosis was made cystoscopically, functionally and urographically by both the 
ascending and descending methods, and was finally confirmed at operation during 
an exploratory laparotomy for chronic appendicitis. B, drawing to illustrate the 
congenital malformation with absence of the right kidney and of one half of the 
trigone. 


correctly established clinically by the cystoscopic and functional findings as well 
as by the intravenous method of pyelograph 3 -, and it was also confirmed by the 
abdominal exploratorj' operation. 

C.\SF. 7 . — Congenital absence of the right kidney, the left being a solitary hyper- 
I'ophic organ in normal position; diagnosis made cystoscopically and pyclo- 
!t<aphiealty and confirmed at operation. 

Miss E. K., 26 years of age, a private patient of Dr. R. S. Ferguson, by whose 
courtesy I ain reporting this case, was well nourished and well developed. Her 
nci complaint was an indefinite pain in the abdomen with frequency of urination 
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Ijotli clay and night. Slie was first seen on March 20, 1930, and cystoscopy 
was clone on Ai)ril 3. At that time, no riglit ureteral orifice could be found 
llirouglioiit tlic blaclcicr, urethra or neck of the bladder. Indigo carmine appeared 
at tile left ureteral orifice three and a half minutes after intravenous injection. No 
secretion could be observed from the right side of the bladder. A roentgen e-vami- 
nation and a pyelogram of the loft side revealed the outline of a normally placed 
left kidney. No renal shadow of the right kidney' was visualized. On April 10, 
cystoscopy was performed again, and when a careful e.vamination of the interior of 
the bladder failed to reveal au}’’ right ureteral orifice, an intravenous injection of 
iopax was given. The pictures taken showed a normal secretion of the opacpie sub- 
stance in five minutes in the apparentlj' normal left kidney, while on the right side 
there was no shadow or elimination in several hours. It was, therefore, concluded 
that there was a congenital absence of the right kidney and a solitary kidney on 
the left side. No shadow indicative of stone could be seen anywhere in the urinary 
tract. On June 9, the patient was operated on for a sudden acute attack of appen- 
dicitis. At that time a thorough exploration of the right side of the abdomen an 
the entire pelvis failed to reveal the presence of cither a right kidney, a ureter or 
any rudinientary structures which might be interpreted as belonging to t le rio i 
half of the urinary tract. The left kidney was palpable and appeared slightly larger 
than normal. Its position and contour, however, were normal, and the left ureter 
was also normal. The patient made an uneventful recoverj-, leaving the hospitn 
in good condition two weeks after the operation. This diagnosis of a coi^' ■ 
absence of the right kidney with a solitary, hypertrophic, single kidney on me ic 
side was made cystoscopically and pyelographically, and was con irn 


operation. . 

Cask 8.-Cougciiifa! solitary kidney fused in such a 
impression of being a solitary single organ; ureters m cross 
the right ureter passing across the midltnc to reach the Ua^ijcr; 

nev; Rao pelves and tzao corresponding ureters openmg normally ^ 

diagnosis made roentgeuographieally and pyelograplueally^ m a pat, cut sn}),u 
from biith zvith chronic appendicitis and chronic constipation. ^ ^ ^ 

Miss C R., aged 24, was admitted into the third surgical divisimi ° 

Yo* itopi..; cS J.nT, 1M2, rcfc-red - 

Dr. W. Cornell. She complained of pam m the right sid J ‘ . S,,c 

stated that for years she had had pain of a recurrent type „ 

also "ave a history of nausea and vomiting. Three dap p i n-nifalizatioii 
general examination by her family doctor, who advised ° 4as^ otherwise 

and an operation for the removal of her appendix. He*' P‘ , laxatives 

irrelevant. She had been constipated all her life and ha essentially 

and enemas. Tlic menstrual and the gcnito-unnar.\ nimntich the routine 

normal. Apparently she had never had urinary microscopic 

urinalysis during her stay in the hospital showed a > 

examination of the sediments revealed the ° ‘ before iiiKlergoing 

reason she was advised to have a complete nrologic . . _ ^ c.vamination 

the operation for the so-called chronic appendicitis. Ti e - The 

disclosed a normal bladder with two normally ,i.c lab- 

ureters were catheterized, and the specimen from ca centimeter 

oratory for culture estimation of urea and microscopic s • 

of phcnolsulphonphthalein, given intravenously', appare catheters and 

a half minutes with good concentration, '.ucter instead of goinc 

instruments in position disclosed the fact that the rig ■ -oltmin to meet with 
,.p into the right lumbar region, passed across the vertebral column 
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the kidnej- of the opposite side. Both catheters were injected with 20 per cent 
solution of sodium iodide and the pyelograms and pyelo-ureterograms ^\hich ^^erc 
taken showed the unusual condition of a fused solitary double kidney \\ ith t\\ o 
independent pelves and two ureters opening normally into the urinarj bladder. 
\Yhen the diagnosis of this rare congenital malformation of a solitarj- fused kidney 
was made, it was believed that, as the right ureter extended across the midline and 
passed across the great abdominal vessels of the blood, nerve and lymphatic supplj-, 
the pressure of these structures interfered with its djmamic contractions and was 
possibly responsible for the indefinite abdominal symptoms from which the patient 
had been suffering from birth. It was also noted that there was definite narrowing 
of the lumen of the right ureter with evidence of pyelitis and pyelonephritis, for 
which cystoscopic treatments were given, consisting of dilatations of the ureters 



Fig. 20 (case 8). — Pyelo-ureterogram, revealing a solitary left fused kidney 
with two pelves and two ureters in crossed ectopia, both opening normally into 
the bladder, with pyelitis and pyelonephritis in a patient suffering from so-called 
chronic appendicitis. 

and la\agc of the pelvis of the kidney, in order to relieve infection and secure 
Jcttcr drainage. The patient was discharged on January 12, unimproved, but 
le ore she left tlie hospital iopax was administered intravenously and a pyelogram 
"as taken which served to confirm the foregoing findings. 

Although this case is not the typical picture of congenital absence 
o one kidney, it is reported here because of its extreme rarity and 
ccause the parencln-ina of the kidney in itself had assumed such a form 
size as to resemble a solitarr- single kidney; also, because of its 
s'tirgical and urographic importance for reaching a correct diagnosis 
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picvious to operation. I’inally, this case serves to point out that a 
cystoscopic examination with a differential renal functional test is not 
su/ificicnt foi obtaining" a clearcut diagnosis, until roentgenograph}^ and 
uiogiaphy combined arc cmijloycd. They are, therefore, of paramount 
imjioitance to tlic surgeon, since without them, he ma}' be led to perform 
an operation in the dark with fatal results. 

SVUMARY AND CONCLUSIONS 

Ihe study of tlicse three different entities together with the report 
of two cases of hypojilastic kidne}'", two of renal aplasia and four of 
congenital absence of one kidney has served to bring out the confusion 
tliat has prevailed in the past and the difficulty in recognizing clinically 
these tlirce borderline conditions of unique importance in renal surgery. 

It has revealed that it is now possible, by means of accurate 
urologic and urographic examinations, to recognize and differentiate 
before operation the three conditions of hypoplastic kidney, renal 
aplasia and congenital absence of one kidney. 

The three tables here described not only summarize these conditions 
but also serve to classify and differentiate them clinically, surgically 
and anatomopathologically. 

In all the eight unusual cases here reported, except case 4, the 
patients are alive and diagnosis has been made clinically by cystoscopy, 
Ii}^ the differential renal functional test and by intravenous and retro- 
grade p 3 'elograph}' ; and the diagnosis has also been confirmed at opera- 
tion in all cases except case 8 in which operation was not indicated. 

The etiolog}^ undei'lying these malformations of the kidne}' must be 
conceived as based on a congenital defect of embi'j^onic origin, in whicli 
an arrest of development has occurred during the cj'cle of embryonic 
life. The failure of the wolffian duct of the mesonephros to give off a 
renal bud is responsible for the presence of total agenesis and for the 
multiplicity of varieties of kidney malfoi'inations that are commonl} 
found during life or at postmortem examination. 

The recognition of the hypoplastic kidney is of extreme importance 
to the urologist and the surgeon, because it is obviously well demon- 
strated that when nephrectomy is done in its mate for associated 
pathologic process, the infantile or hypoplastic kidney is incapable of 
undergoing compensatory functional hypertrophy in order to sustain 
life. 

In the hypoplastic kidney the ureter is always patent, and t ic 
excretoiy function is present. The renal hinction is diminished in 
regard to the estimation of urea and elimination of phenolsulphonpiitlia- 
lein, although the e.xcretion of indigo carmine may appear to be within 
normal limits. The diagnosis must, therefore, be based on pyclographic 
data. 
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The condition of renal aplasia is mainly characterized by an arrest 
of embryonic development in rvhich the kidney has never been formed 
and the amorphous renal mass has no eliminator}" function, while the 
ureter, although opening into the bladder, is not patent and is accord- 
ingly devoid of function. 

The diagnosis of renal aplasia can be readily made cystoscopically 
and pyelographically by combining the use of the retrograde and the 
intravenous method of pyelography. The histologic sections made of 
the specimens removed at operation or at postmortem examination 
reveal the presence of rudimentary renal tissue characterized by an 
embryonic type of glomeruli and tubules, as can be seen in the two cases 
here reported (cases 3 and 4). 

These two conditions of hypoplasia and aplasia must not, however, 
be confused with secondary renal atrophy or the destruction of one kid- 
ney due mainly to disease or an associated pathologic process of long 
standing. In the latter condition, the kidney undergoes complete 
destruction; its parenchyma degenerates and its cortical and medullary' 
substance are lost, as has been commonly observed in the autonephrec- 
tomy produced by renal tuberculosis, nephro-ureterolithiasis and other 
types of lesions. This condition can also be produced experimentally, 
which is obviously not the case with the entities just described. 

The treatment of unilateral hypoplastic kidney and renal aplasia is 
surgical and consists of the removal of the infantile organ or the 
amorphous rudimentary mass of tissue, provided the kidney of the 
opposite side is compensatorily hypertrophied and is performing enough 
function to sustain life. 

The congenital absence of one kidney is differentiated from hypo- 
plastic kidne}' and renal aplasia by the total absence of nephrogenic 
tissue on the one side and hence by the complete absence of the cor- 
responding ureter and kidney, and of one half of the trigone, on the 
same side. It is also important to note that the suprarenal gland on the 
agenetic side is likewise commonly absent, which is not the case in 
renal aplasia or hypoplastic kidney. 

The solitaiy' kidney may be found in ectopic or cross ectopic posi- 
tion, and is characterized by having a single ureter opening into the 
bladder. It should be differentiated from that type of renal fusion in 
u hich the solitary fused organ has two pelves and two ureters opening 
independently into the bladder. 

The coincidence of renal and genital anomalies is greater than has 
been suspected, and suggests that when there is a congenital malforma- 
tion of the genital organs, particularly in the female, the great proba- 
>!iit\- IS that there is also lack of development of nephrogenic tissue and 
icnce of one of the twin renal organs, as in cases 5 and 6. 

The recognition of solitary single kidney requires careful scrutiny 
both clinically and at operation, and even at autopsy. iSIany cases are 



732 


ARCHIVES or SURGERY 


iccoidcd in the literature as total unilateral agfenesis in which there is, 
in fact, evidence of the presence of nephrogenic tissue in the agenedc 
side of tlie bod}'. The classification and differentiation now presented 
tend to separate clinico-anatoinopathologically these three borderline 
conditions, which have been the subject of much confusion in the past. 

The solitary single kidney is peculiarly subject to disease and in that 
event carries a fatal prognosis. The association of a pathologic process 
parenchymatous nephritis, stone formation, pyelitis and pyelonephritis 
with a tendency to h3'dronephrosis, oliguria, infection, anuria and death — 
has been coinmonl}' recorded in the literature. Through errors in diag- 
nosis many operations have umvittingl}’- been performed on the solitarj' 
single kidne}' followed rapidly by anuria and death. In these modern 
da)'s of exquisite accuracy in the urologic and urographic diagnosis, 
no operation should ever be performed on either kidney without 
previous assurance of the presence of its fellow. 

The S3'mptomatolog}' of the three conditions under discussion is 
insidious. The presence of bilateral abdominal pain with an enlarged 
palpable mass in one side of the abdomen, may signify hypertrophy of 
one Iddne)'’ and demands a careful urologic investigation of the upper 
urinary tract. Nevertheless, sole reliance should not be placed on the 
intravenous urographic findings, despite the brilliancy of the achieve- 
ments of this new method, for it cannot be too strongly emphasized 
that in many cases retrograde bilateral pyelogi'ams are indispensable. 

The localization of a pathologic process or disease of the kidney 
or ureter on the one side does not exclude the necessity of complete 
investigation of the opposite side also. 

Anomalies of the upper urinary tract are commonly met with in this 
urographic era, and whenever present should be regarded as potentially 
surgical, in view of their liability to cause stagnation of urine, infection 
and loss of function, resulting in serious pathologic conditions. 

The congenital absence of one kidney does not incapacitate its ou'uer 
for the normal pltysiologic functions of life. According to recent sta- 
tistics, patients with a solitary single kidney live an average of from 
thirty-five to forty y'ears, and the cause of death may be disease totall} 
unrelated to the genito-urinary tract. 

40 East Sixty-First Street. 

ABSTRACT OF DISCUSSION 

Dr. C. L. Peacock, New Orleans: Dr. Gutierrez’s classification is a most 
excellent one and, so far as I know, the only one in literature diffcrentiatuiff 
h 3 'poplasia, aplasia and agenesis. One point should be emphasized, and tliat is le 
importance in renal surgerj', and the necessitj*, of bilateral pyelograms and 'i( no 
functional tests. 

Dr. Thomas D. IVIoore, Memphis, Tenn.: It is not uncommon for the (jucs 
tion to arise as to whether one is dealing with the congenital absence of a 'u nc> 



GUTIERREZ— RENAL AGENESIS 


733 


In a case recentlj' reported the following data seemed to indicate a left renal 
agenesis : The patient was a young woman who had a right hydronephrosis of 
240 cc. capacity; tliere was no objective evidence of a left ureteral orifice; intra- 
venous injections of indigo carmine and phenolsulphonphthalein appeared from the 
right orifice only ; excretion urography disclosed no evidence of the media in the 
region of the left kidney ; a catheter passed to the right kidney and left in situ for 
a period of seventy-two hours took care of the entire amount of urine excreted, 
none being voided about the catheter as would have occurred with a functioning 
left kidney. In the roentgenogram there was no evidence of a left renal shadow. 
On physical examination a kidney could not be palpated on the left side. The 
right hydronephrosis responded in a satisfactorj' way to a pj-elo-ureteroplasty. In 
another case, however, essentially the same data were obtained, except that the 
absence of the right kidney was indicated and on the left side a pyonephrosis was 
superimposed on a renal neoplasm terminating fatally. Necropsy disclosed the 
error of the assumption that there was a congenital absence of the right kidney; 
the organ was a mere shell of almost paper thinness and filled with about 100 cc. 
of thin cloudy fluid. This case illustrates how easily one can be mistaken in the 
diagnosis of renal agenesis and the necessity of a direct anatomic observation of 
the renal area, either by surgical exploration or by necropsy, before the positive 
statement is justified that there is congenital absence of a kidney. 

Excretion urography has proved to be of value in the diagnosis of renal 
aplasia. Recently a small rudimentary kidney was demonstrated by this means; 
definite compensatory hypertrophy had occurred in the opposite organ. 

Dr. I. G. Duncax, Memphis, Tenn. : I wish to report a case which I believe 
to be one of congenital absence of a kidney. 

The patient was a young white woman, aged 26, who had always menstruated 
very scantily and irregularly. She came to the gynecologic service of the Baptist 
Hospital. At operation it was found that the left side of the uterus was 
undeveloped. There was no tube or ovary on the left side. Following the opera- 
tion urinarj- difficulties had developed. I was called in consultation. Cystoscopy was 
done and it was found that the left side of the bladder was undeveloped. There 
was no sign of the ureteral ridge or of an orifice. The right side was normal. 
We injected indigo carmine intravenously and watched carefully. A strong dj-e 
came down on the right side but none whatsoever from the left side of the bladder. 
Later we made intravenous injections of skiodan. No d 3 'e showed on the left 
side, but a large hypertrophied kidney was demonstrated on the right. It is mj' 
impression that the left kidney was absent. The pain was on the right side and 
the trouble seemed to be of a pyelitic nature. Since no operation was performed, 
we cannot say positively whether there was a total absence, but by all the means 
used we were unable to demonstrate the presence of kidney tissue on that side. 

Dr. Thomas D. IiIoore, Memphis, Tenn.; Dr. Gutierrez pointed out the 
differential diagnosis of aplasia and agenesis in an interesting and clear way. We 
cannot be 100 per cent sure until necropsy is performed. In one case, that of a 
>oung woman, there was no shadow on the roentgenogram; by urographic exam- 
'nation, no medium appeared in the left kidney; on functional tests, no dye 
•^pearcd on the left side, and no kidney was palpable on physical examination, 
n tliose findings it was concluded that no kidney was present on the left side, 
us patient made an excellent recoven' following pyeloplastr-, but it was not 
■iiown positively whether she had a solitary- kidnej-. 

U,/" t evidence of a kidney on the right, although all 

methods of examination were carried out that were used in the first case, 
'^t patient died, and on necropsy a mere shell of a kidney was found on the 
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right, wlicrc it liaci been assumed tliat there was a soJitar 3 ' kidney. The bag was 
of almost tissue paper texture, and there was no function remaining. This shows 
liow mistaken one can he in tliesc eases. 

I wish to empliasize tlie value of urography' in demonstrating these findings, 

In a recent ease a small rudimentarv kidne;' w'as demonstrated quickly by this 
method. 

Dr. JI. W. E. Waltiier, New Orleans; I have had one case of infantile 
kidnc}. The patient was a girl of 17 who was beginning her university work 
and vas the captain of her basketball team. She was driven to seek medical 
relief because of intense pain in the right lumbar region. Urography revealed an 
infantile kidney. Nephrectomy was done and she was completely relieved. She 
had been studied bj' several phj’sicians and had been told that if she wore a belt 
and stopped athletics she would be all right. She did not fee! that she wanted to 
give up her activities, and as we had a high percentage of phenolsulphonphthalein 
from the opposite side and a zero reading from the painful side it was thought 
best to operate. 

I wish to ask Dr. Gutierrez if, in these infantile kidnej'S, intense pain is a 
prominent symptom. 

Dr. Robert Gutierrez, A^ew York: Dr. Walther is correct. In hypoplastic 
kidney the predominating S 3 ’mptom is pain on the side where the lesion is estab- 
lished. This is well e.xplained both pathologically and ply'siologically. Due to 
lack of development, the kidney is diminutive or rudimentary in size. The pelvis 
is small, the empt 3 'ing time is greatly diminished and retention is produced. Thus, 
sooner or later, a hydronephrotic crisis gradually develops. As this hypoplastic 
kidney is incapacitated for sustaining life, it is most important, when nephrectomy 
is to be done on the opposite side, that the condition be urographically recognized 
before operation. At no time has such a kidney been larger than when first 
discovered. It is, therefore, a true congenital lack of development. As infection 
results from lack of drainage and proper function, the only correct indication is 
nephrectom 3 '', provided that the lesion is unilateral and that the kidney on the 
opposite side is normal or functioning sufficiently to sustain life. 

I have observed in renal aplasia that the aberrant, functionless mass of renal 
tissue also produces the characteristic pain in the side. The proper indication is 
an exploratory lumbotomy in order to remove the aberrant renal tissue. Only 
by a complete urologic and urographic e.xaniination can a definite diagnosis be 
reached and these two conditions of hypoplastic kidney and renal aplasia be prop- 
erly'' differentiated. 

The literature has reported many cases of congenital absence of one kidney , in 
which at postmortem examination a mass of aberrant renal tissue has been dis- 
covered on the side opposite to the supposedly solitary organ. This anatomic or 
histopathologic observation obviously' revealed the presence of nephrogenic tissue, 
which in turn proved the true existence of a hypoplastic or aplastic kidney. 
study of these cases has disclosed the frequency of coincidental congenita ma 
formations of the genital tract, particularly in the female. _ 

I wish to place special emphasis on the importance of taking bilateral p)co 
grams, when a congenital malformation of the upper urinary' tract is suspcctcf . 
Renal tests alone are often misleading in the diagnosis. Recently' one o our 
colleagues reported a case in which nephrectomy was done for infected 
nephrosis. The patient died a few day's later in an uremic coma. At postmor ci^^ 
examination a hypoplastic kidney was found, proving that the kidney, 
having a certain amount of function, was incapable of undergoing the compen.. 
fory hypertrophy necessary to sustain life. 
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The purpose of my presentation has been primarily to draw attention to these 
three hazardous conditions of the kidne3‘, so commonh' confused in the literature, 
and to offer a method of proper differentiation, recognition and classification of 
these three unique conditions. With this object in view, I have drawn up the 
three tables, which I have just shown. 

Do not overlook the possibilitj- of these pathologic and unique conditions of 
the kidnej-, for such an oversight ma\' not only mislead in the diagnosis but also 
result in a fatal prognosis. I wish you the best of luck in properly recognizing 
these conditions since otherwise j'ou may encounter the sad experience of having 
removed a solitarj- single kidney. 
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were present in the outer cutis and sweat glands in the deeper cutis. Some of the 
latter were cystic, but there was no evidence of papillary ingrowth. 

The third patient was a girl of 12, whose scalp bad been burned with hot water, 
Ica\ing a scaly and papillomatous tumor which increased in size and looked like a 
condyloma. Histologicall}’, the structure was about the same as in the first case. 

Pick believes that all these tumors are the result of congenital 
disturbance of the sweat gland anlage, and so they are nevi. It is 
difficult to determine from what part of the ectoderm they take their 
origin. Two main views are offered. The first, supported by Kreibich, 
is that the tumor cells take their origin from hair anlage. The second, 



Fig. 2.— Section through part of the specimen, siiowing the cystlikc spaces wi i 
some papillomatous ingrowth from the lining walls. The cysts vary in size. onic 
of them are distinctly tabular in their proliferation. 


supported by the majority of authors, is that they take their ongn 
from sweat gland anlage. As a matter of fact, the germinal la)er 
epithelium has a power of developing sweat glands, hair or se:)accoir 
glands. It is from this germinal epithelium that the tumor ce s 
originate. Consequently, they may have the power to cIc\eop an, 
of these structures. 

In 1926, Biberstein ^ reported three cases. 

3. Biberstein, Hans : Ueher Papillifornic Syringo-Cy.stadenome, .Arch. Dt-rinat. 
u. Syph. 152:602, 1926. 
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The first patient was a woman, 45 years old, presenting a growth on the scalp 
the size of a large coin, with papillary excrescences , it had been present since 
birth. The growth was partially epithelialized and partially eroded and granulated. 
Histologic examination of the tumor showed that it was made up of loose stroma 
of connective tissue cells. The surface covered one or two layers of cylindric cells, 
and from this surface epithelial cords ran downward. In places these were hollowed 
out to form tubules. They branched and intertwined, forming a complicated struc- 
ture. The tubules were lined with two layers of epithelium, and from this arose 
papilliform projections into the lumen. The spaces in the stroma were closely 
packed with plasma cells. There were no hairs, sebaceous glands or normal sweat 
ducts. 



Fig. 3. — Section through another portion of the specimen, showing the papillary 
prohferation of the tubule and cyst lining, which in some instances nearh' fills the 
lumen. Deeply staining plasmocytes in the surrounding tissues are characteristic. 
3 here is no definite evidence of malignancy. 


The second patient was a woman of 29, who had a tumor in the scalp which 
bad been present for three years. It was coin-sized, flat and slightly raised, with 
a inorulatcd surface and papillary projections from the surface. HistoIogicall 3 ', it 
'vas similar to the tumor in the first case, except that there were normal sweat 
glands in the corium beneath the tumor, and in two instances these sweat glands 
showed a definite tendency to proliferation. 

The third patient was a girl of 11 years who presented a tumor on the left 
side of the^ thorax of three years’ duration. The growth was a flat, round nodule 
t le Size of a finger-nail ; it had a warty surface, and the color resembled that of 



Fig. 4.— Section cut through the long axis of a tubule which appears as a swea 
o-land. The lumen is filled with the proliferated lining and a mass of cc c n u . 
Plasmocyte cells are numerous and characteristic. The tumor is e\ident) Jcn 


cystadenoma of tlie ovary or breast. Tliis papillary ingrowth differ- 
entiates the tumors from simple hydroc 3 ’-stomas on one hand an ro 
tubular cystadenomas of the vulva on the other hand. The 
is so characteristic that it cannot be mistaken histological > ( 

3 and 4) • • * 

The typical tumor of which the one shown in the '' 

an example is chiefly made up of cystic, dilated tuhules. )o" 
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tumor cells may be found typical nevus cells in some instances and 
usually large numbers of well developed plasma cells. INIalignant trans- 
formation of this adenoma is possible and has been reported by 
Hedinger. In the lumen of the cystic structure, between the papillom- 
atous excrescences, one finds cell detritus and a sort of slime which 
reminds one of the material found in simple sweat gland adenomas. 

The interesting points in the literature and their relation to clinical 
diagnosis, especially when the tumor involves the breast, have been 
summarized by Biberstein; 

1. The location of the tumor mass may be either in the ver 3 ’ superficial part 
of the skin or may be deep in the cutis. 

2. The content of the cysts is colloidal in some cases; in others it is a fine, 
granular, homogeneous, eosinophilic mass. 

3. Branches have been described, which when present form tubules. These maj’ 
be in part solid strands or cords of cells and in part tubules. 

4. Papillarj' excrescences of the inner wall into the lumen of the tubules or 
the cj’sts are often found, as in intracanalicular papillomas. These were present 
in most of the cases reported, and at times there were excretory ducts which opened 
on the surface. 

5. Solid strands of cells may be made up of cells of basal cell tj'pe, of flat 
epithelial cells or, as in some cases in the literature, of cells which resemble seba- 
ceous gland cells. 

6. There is more or less dense accumulation of plasma cells. 

7. Lymphocytic infiltration may be present, but is usually onlj- perivascular. 

8. The membrana propria is usuallj' evident in places around cj’sts, tubules and 
strands. 

9. The general relation of the tumor to the epidermis is often confusing. The 
strands of the tubules maj' be connected with epidermis or may even open into it. 
The cysts may open directly into the epidermis in some cases or through ducts 
’n others, or broad, solid bands of cells maj' connect the C 3 'sts with the epidermis. 
The tubules may be connected with the epidermis in a similar variet 3 ’ of fashions. 

10. The relation of the tumor tissue to sweat glands and to hairs is as follows : 
(o) In one case in the literature the e.xcretor 3 ' duct apparentl 3 ^ opened into the 
hair follicle. Hair and sebaceous glands ma 3 '- be entireU' lacking in tbe tumor, 
hair anlage with cysts may be present, or there may be well formed hairs. A 
sebaceous transformation of some simple cells of the tumor occurred in Krebich’s 
case. 

(h) The sweat glands in Biberstein’s three cases were connected with the tumor 
mass. Unassailable evidence of the connection of the tumor cells with normal sweat 
g ands has been made the basis of calling them sweat gland adenomas by Bartels, 
rocq and others. Adenoma-like proliferation of the dilated sweat glands ma 3 ' 
occur beneath the tumor tissue. Other authors have described transformations 
rom dilated sweat glands to C 3 ’sts of the t 3 T)e seen in these tumors. 

Biberstein believes that these growths are undoubted!}" sweat gland 
tumors, but whether they are adenomas or epitheliomas is a subject of 
^tgument. The presence of plasma cells is an evidence of a marked 
ciidency to proliferation, as well as their occurrence at certain ages; 
" tether the tumors are derived from already developed sweat glands 
Of rom their aulage cannot be determined. 
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Since the original observations by Flnghson and Scari'f ^ in 1924 
that the intravenous administration of hypertonic sodium chloride solu- 
tions increased intestinal movement, these solutions have been emplo)ccl 
extensively by clinicians in the treatment of adynamic ileus. Bcnchcial 
results obtained by the use of hypertonic sodium chloride solutions 
have been reported by a number of investigators.- In a previous 

From the Dciiartmcnt of Surgery, Tulanc University School of Medicine 

1. Hughson, W., and Scarff, J. E.: Innuencc of Intravenous Sodnmi ChlorK C 

on Intestinal Absorption and Peristalsis, Bull. Johns I-Ioplons Hosp. • » - 

2. (a) Ross, J. W.: Hypertonic Saline in Adynamic 

16:24, 1921. (b) Coleman, E. P.: 

Saline Solution in Acute Intestinal Obstruction, * ^"”5;;,,.Tobstri^- 

(.) G»sc,, A.; L., D,' ’““'-“J" ^ 

tioii; E.xperimental and Clinical Study, J. dc ch n. 35.3-1, 1930. ^ 

M.: Postoperative Intestinal Occlusion Treated 

Injections of Hypertonic Salt Solution, Bull, ct incmi. oc. na . cc jiitra- 

venous Injections of Hypertonic Salt Solutions, i>k. . Solution, 

tinal Occlusion Treated by Cecal Anus and 

ibid. 51:1450, 1928; Four Cases of I"**'-''*'"''*’ J' ibid. 
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d’opcration. Bull, ct mem. Soc. dc chir. dc Pans • rectalc'daiis rocclu.sion 
propos des injections de serum sale hypcrtonique U 

intcstinalc. Bull, ct mem. Soc. nat. dc chir. 54.146 ' ' ; , Hcocolostoiny 

Sion on Duncombe; Postoperative Intestinal Occlus • j,^2S. (0 

and Intravenous Injections of Hypertonic ° " j Caused by Acute 

Battista, A.: Use of Hypertonic Saline Solutimi • Tbebna: 
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„,cd de Gand 8:146, 1929. (/) Clement, F.: Un cas d ileus po 
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investigation, = we demonstrated that lij^pertonic sodium chloride solu" 
tions definitely increased intestinal activitj". Orr * has emphasized the 
importance of the administration of h 3 -pertonic salt solutions (20 cc. of 
a 10 per cent and 500 cc. of a 5 per cent sodium chloride solution) in 
the treatment of postoperative gas pains. Reid," working with a Thiry- 
Vella fistula of the jejunum, showed that the intravenous administration 
of hypertonic sodimn chloride solution not only increased the activity 
of an intestinal segment but also increased the propulsive type of 
motility. 

In order to determine the effect of various Itypertonic salt solutions 
on the motility of the intestine, the present investigation was undertaken. 
One hundred and twenty-eight observations concerning the effect of the 
intravenous injection of salt solutions on the movement of the intestine 
were made in sixty-five dogs. Of this group, only one hundred and 
seventeen are used in the present studj' because in eight a physiologic 
Ringer’s solution was employed, and in three the results obtained could 
not be used because of a leak in the intestinal balloon. In the three 
latter cases, there undoubtedly occurred an increase in peristalsis and 
propulsive activity as evidenced by copious evacuation of the intestinal 
contents through the enterostomy tube, but because the effect could not 
be measured the results are not included. Ten obsen-ations were made 
on normal animals, thirteen on animals Avith twenty-four hour intestinal 
obstruction, forty-nine on animals with forty-eight hour obstruction 
and forty-five on animals with seventy-two hour obstruction. In each 
instance, k}'mographic tracings were made of the intestinal movements, 
and the results herein presented are based on an analysis of these 
kymographic tracings and are not dependent on mere unaided ocular 


aAcc succes par injections intraveineuses de solution hypertonique de chlorure de 
sodium, Bull, et mem. Soc. d. chirurgiens de Paris 22:347, 1930. (_m) Bojovitch, 

Traitement des occlusions intestinales post-operatoires, Presse med. 38:1662, 
30. ()i) Denis, R. : Indications, mode d’action et posologie des injections de 
c orure de sodium hypertonique dans I’occlusion intestinale, ibid. 38:203, 1930; 
• propos des recentes discussions sur le role du chlorure de sodium hypertonique 
dans I’occlusion intestinale, ibid. 38:906, 1930. (o) Dogliotti, A. M., and Mairano. 
; Notre c.xperience de trois annees dans la therapeutique salie dans I’occlusion 
'ntcstinale, ibid. 38:880, 1930. (/>) Prati, M. ; Intestinal Obstruction : Good 
wsuts with Large Doses of Sodium Chloride, Riv. di pat. sper. 5:168, 1930. 
>1) arthelemy. .\ccidents d’occlusion post-operatoire ; injections de serum sale 

56:637, 1930. (r) Bouisset, L., and 
. . Peristalsis in Obstruction ; Action of Sodium Chloride, Compt. rend 
biol. 104:847, 1930. 

t1,. P ; Gage, I. M., and Cutting, R. A. : The Value of Drugs in 

wlmf of Ileus, .Arch. Surg. 21:924 (Dec.) 1930. 

Action of Sodium Chloride upon the Small Intestine, Ann 

94 :/ 52 , 1931 . 

b'tc^tiifrp ^*^dct of Hypertonic Sodium Chloride Intravenously on 

al lenstalsis. Proc. Soc. Exper. Biol. & Hed. 29:220 (Nov.) 1931.’ 
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observations. Concomitant rcspiratoiy, and in the majority of instances, 
concomitant blood pressure, tracings were made. In thirty-eight blood 
jiressiire tracings were not obtained, Ijecanse the observations were 
made on “survival” animals so that exposure and sacrifice of one of the 
larger arteries was not feasible. In the majority of instances (seventy- 
nine), observations were made on anesthetized (barbital) animals, the 
abdomens of which were open and submerged in warm physiologic 
solution of sodium chloride, as described by Sanders ® and Alvarez,' and 
as ])reviously used by us.” This method will subsccjuently be rcfeiied 
to as the “open abdomen” technic. In thirty-eight instances, obsei ra- 
tions were made on unanesthetized “survival” animals accoiding to 
the “closed abdomen” technic, which is published in detail elsewheie. 


It is briefly as follows : 

At laparotomy, llie terminal ilciim is divided and each end inverted and closed. 
Appro-ximately 5 cm. proximal to the lower end of the upper segment, a cues ra c 
enterostomy tube is introduced through a stab wound, the cntciostomy tu 
ing proximally into the lumen of the bowel for a distance of about cm. ' 

mately S cm. proximal to this enterostomy opening, a rubber tube ca'-ryiff ^ 
balloon is introduced proximally into tbc lumen of the bowel or a c is ane , 

5 to 10 cm. Both of these lubes are brought out through tbc omen urn . . 

nal wall, following which the latter is closed. The J j 

After twenty-four hours with the enterostomy tube still • ,_^i.cn of 

the balloon is attached to a Maury tambour and a injection 

the normal intestinal movement, before, during ^ , producing an intestinal 

of saline solution. The entero.stomy tube is then ami 

obstruction. After varying periods of time, usua y a " intravenous 

seventy-two hour intervals, observations concerning t ic 

injection of hypertonic salt solutions on the ehloride solution, 

lowing solutions were used for intravenous inj • ami’s coinbiiied 

20 J cen: "hyportonic" Rinse’s solnOon; ' 0 n«l 

solution; sodium chloride, 20 per cent, f , 

sodium chloride, 20 per cent, and potassium chloride, 0,5 p 

iiyi’KKTONJC .soDiuAt cin.oKmi:. sormnoN 
Twenty-four observatioms were made conccinmg flic 


were macic coiicc......h . 

oteerocted inlestion. In sc' ’ 


per cent sodium chloride on obstructed ’ it had 

obslrnction Imd existed forty-eight honrs, rvheie.iS ... 

h., e..,, mctoic >”> 

van bet darmkaiiaal, eiiz. Voorloop. nicccec , . , 

scnscli.. 1871, p. 479: cited by Alvarez.' n:,', -stive Tract, New York, J 

7. Alvarez, W. C. : The Mcclianics of tbc JJige- 

B. I-Ioeber. Inc,, 1929. „ ^ . Comparative ° 

8. Ocbsncr. Alton; Gage, I. M., u ' ’ , R^ncrimciilal '' 

Splancbiiic and Spinal Analgesia in the Treatment - 

Surg. 20:802 (May) 1920. r 

9. Gage, I. M.; Ocbsncr, Alton, and Cutting. • 2C:d.=:8 

Dextrose on the Normal and the Obstructed Intestine, . 

1933. 
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existed seventy-t^vo hours. Three obserA-ations (previously referred to) 
made in one animal are unreliable, because the tracing showed that a 
leaky intestinal balloon was present, even though the intestine was 
active as evidenced by copious evacuation of feces through the 
enterostomy tube. These three obserA-ations are omitted because of the 
inability to measure accurately the effects produced by hypertonic 
saline solution. In three other instances, there Avas evidence of a leak}- 
balloon, but the results are included even though the values obtained are 
probably loAver than the true A-alues. The amounts of the hypertonic 
sodium chloride solution AA-hich Avere administered varied from 2.7 to 
10.2 cc., the average being 8.4 cc. per kilogram of body Aveight. The 
average amounts administered to animals Avith forty-eight hour and Avith 
seventy-tAvo hour obstructions Avere 8.7 and 6.2 cc. per kilogram of body 
Aveight, respectively. There Avas an average increase in blood pressure 



Fig. 1. — Kymographic tracing showing the effect on seventj--two hour obstructed 
intestine of the intravenous injection of 20 per cent sodium chloride. As shown 
at the left of the tracing, there was little or no movement of the intestine. Shortly 
after the beginning of the infusion, there was some activity followed by a marked 
increase in tone and also an increase in amplitude, the lever almost passing off the 
drum (open abdomen technic). 


of 22 mm. of mercury in 23.5 per cent of the animals Avith fortA'-eight 
liour obstruction. In 64.8 per cent, there Avas no change in blood pres- 
sure; in 5.8 per cent, there Avas a temporary fall in pressure, and in 
0.8 per cent, there Avas a sustained decrease of 20 mm. of mercurA'. In 
ull of the animals Avith seventy-tAA'o hour obstruction that received the 
I'.'pcrtonic sodium chloride solution, there occurred no change in blood 
pressure. Of all the animals (both Avith forty-eight hour and seA-ent}-- 
luo hour obstructions) that receh-ed 20 per cent sodium chloride solu- 
on the l)lood pressure AA-as increased in 20 per cent (an aA-erage increase 
--- mm, of uAercAAty) . uiAchaiAged in 70 per cent, temporarily decreased 
^ per cent and definitely decreased in 5 per cent. Of the tAA-enty-one 
■crAations made folloAving the intravenous administration of 20 per 
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cciU sodium chloride solution, the intestinal activity was increased in 
nineteen ( 90.4 per cent), unchanged in one (4.7 per cent) and decreased 
in one (4.7 per cent) . I he average increases in intestinal tone and 
amplitude of intestinal movement in the nineteen in which there was an 
inci eased activit}’’ were 28.6 and 5.05 mm., respectively. In two 
instances, there ivere increases in amplitude of intestinal movement but 
no associated increases in tone, and in two other instances, there were 
increases in tone wdiich were not associated with increases in amplitude. 
The increases in intestinal tone varied from 7 to SO-j- mm. The increases 
in amplitude varied from 0.5 to 40 mm. The average duration of the 
increased intestinal activity -was 11.1 minutes. Of the nineteen observa- 
tions in which there occurred an increase in intestinal activity, sixteen 
were made in animals with forty-eight hour obstruction and three in 


INTESTINAL ACTIVITT TONE AMPLITUDE DURATION 



PEfiCENTASE INCREASE (NCRCASC IN MINUTES 

INCREASE IN MM. IN MM. 


DOSE BLOOD CHLORIDE 

■ 0 

CC.PER PERCENTAOE 
IDKO BW INCREASE 



'hypertonic' rinoer’s Sol sodium chloride sol. 


Fig. 2 . — Graphic representation of changes in the intestine jiroclucecl by t 
intravenous administration of a hypertonic Ringer’s solution and of sodium chlon c, 
20 per cent solution. There was a slight percentage increase in intestinal actm J 
following the administration of the solution. More significant, however, is t ic 
character of the change in that the intravenous injection of a hypertonic Rnigcrs 
solution produced a much greater increase in tone (solid black), increase in 
tude, and a longer duration of the activity than did sodium chloride, in 
the fact that the dose of the hypertonic Ringer's solution was less than ° 
sodium chloride solution. In the other graphs tlie various columns f ciio c 
same thing. 


animals tvith seventy-two hour obstruction. Ihe average 
intestinal tone and amplitude in the animals with fort) -eig it 
obstruction tvere 20.56 and 2.25 mm., respectively. Ibe 
increases in tone and amplitude in those tvith seventy-two hour ois r 
tion -were 71.6 and 20 mm., respectively (fig. 1). ^ 

tions of the increased intestinal activities in animals with or!) 
and the seventy-two hour obstructions were five and 
utes, respectively. In the one instance f4.7 per cent) in u i'^ ' 




OCHSNER ET AL.— MOTILITY OF INTESTINE 


747 


occurred a decreased activity, the tone was decreased 11 nim.. but there 
was no change in the amplitude of intestinal movement (fig. 2, table 1 ) . 

“hypertoxic” rixger’s solution 

Sixty-one observations were made concerning the effect of intra- 
venous administration of a hypertonic Ringer s solution on normal and 
obstructed intestine. The expression hypertonic Ringer’s solution is 
obviously incorrect as Ringer’s solution is a physiologic solution. The 
hypertonic solution used, however, was obtained b\' multiplying quan- 
tities of salts contained in Ringer’s solution by 20. The solution so 
obtained contained; sodium chloride. 18 per cent; calcium chloride, 
0.52 per cent, and potassium chloride, 0.6 per cent. In forty-three 
instances, the open abdomen technic was used and in seventeen 
instances, the closed abdomen technic. As the results obtained with 


Table 1. — Sodium Chloride 20 Per Cent; Open Abdomen Experiments 



Total 


24 Hour 

4S Hour 

72 Hour 


Observa- 

Normal 

Obstruc- 

Obstruc- 

Obstruc- 


tiODS 

Intestine 

tion 

tion 

tion 

Xumber of observation? 

21 



17 

4 

.tverago dose per Kg. of bodj- tveiglit, cc 

.. SA 



S.7 

6.2 

Average blood chloride before, mg. per 100 cc.... 

. . 653.5 



C.77.3 

6.3S 

Average blood chloride after, mg. per 100 cc 

.. SOJ 



S02.7 

soo 

Increase In blood chloride, per cent 

.. 2:5.1 



22.1 

26.S 

Increased intestinal activity, per cent 

.. 00.4 



94.1 

75 

Ko change in intestinal activitv, per cent 

.. 4.7 



5.S 

0 

Decreased intestinal activity, per cent 

.. 4.7 



0 

25 

Average increase in tone, mm 

.. 2S.6 



20.5 

71.6 

-tverago increase in amplitude, mm 

. . 5.05 



2.25 

20 

.Average duration Increased activity, minutes.. 

.. 11.1 



5 

21 


the closed alidomen experiments differed from those obtained with tlie 
open abdomen experiments, the two will be considered separately 
(fig. 3). Of the forty-three obser\-ations made following the intra- 
venous administration of the hypertonic Ringer’s solution in which the 
open abdomen technic was used, fourteen obser^-ations were made on 
animals with forty-eight hour obstructions and twent}--nine on animals 
'vith seventy-two hour obstructions. The amounts of the hypertonic 
Kinger’s solution administered varied from 0.6 to 6 cc., the average 
being 2.5 per kilogram of body weight. The average amount of the 
hypertonic Ringer's solution administered to the animals with fortv- 
eigbt hour obstructions was 2.6 cc., whereas those with seventv-two 
hour obstructions received an average amount of 2.48 cc. per kilogram 
Qt body weight. Intravenous injection of the h}-pertonic Ringer’s solu- 
t'on into animals with forty-eight hour obstruction produced an increase 
"1 blood pressure in 20.8 per cent, no change in 50 per cent and tem- 
porary l)vu slight falls in blood pressure varying from S to 30 mm. of 
'Rerciiry (the average 18.8 mm. of mercury) in 28.2 per cent. In 80 
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per cent of the observations made on animals with seventy-two hour 
obstruction, there were increases in blood pressure varying from 10 to 
30 mm. of mercury, the average being 17.5 mm. of mercuiy. In 10 per 
cent, there was no change, and in 10 per cent, there were slight but 
temporary decreases in blood pressure. In 38.4 per cent of all animals 
that received the hypertonic Ringer’s solution, there were increases in 
blood pressure, the average being 18 mm. of mercury. In 38.4 per cent, 
there was no change, and in 23.5 per cent, there were temporary but 
slight falls in blood pressure. The blood chloride values before the 
administration of the hypertonic Ringer’s solution varied from 554 to 
759 mg., the a'\'’erage being 629.8 mg. per hundred cubic centimeteis. 
The blood chloride values after the administration of the solution varied 
from 721 to 825 mg., the average being 771.2 mg. per hundred ciibic 
centimeters, an average percentage increase in blood chlorides of 22.5. 
The average blood chloride A'alues before and after the intiavenous 



OPEN AeOOMCH_ 


LlriiJIO 



'HVPCBTONIC'RWOESS sot It 


HYPCRTONIC NiMUtwai -vw 

Fig. 3.-Graphic representation of^the effect on the 
administration of a hypertonic Ringer’s solution, a jper Stained by tlie 

and of sodium chloride, 20 per cent. A /l-'^^^f^^^ypertonic Ringer’s 

open abdomen and dosed abdomen technics is abdomen technic) caused a 

solution. The hypertonic Hartmann’.s soIuUon ^pertonic Ringer’s 

slightly greater increase in intestinal activity than did 
solution (dosed abdomen technic). 

administration of the hypertonic R>»|er’s mg ^eriumdrccl 

forty-eight hour obstructions f ^ .f 

cubic centimeters, respectively, ^he a^e g 

blood chlorides in this group was 19.2. H u, pertonic Ringer’s 
values before and after the administration ^he jypj^t ^ ^ 

solution in the animals with seventy-two hot. average 

and 761.3 mg. per hundred cubic forty-three, forty- 

percentage increase of 24.5. Of the entire P ^^vitv. whereas 
Le (95.3 per cent) showed an increase m the 

only two (4.7 per cent) activity froni 

Ringer’s solution was given at the height ot tl _ ^ , stimulation ol 


Ringer’s solution was given at the neignc ul stimulation 

a previous injection. If this one exception is e ‘ thirty-eig 

the intestinal activity occurred thirty-seven tin 


ol 

•lit 
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observations (97.7 per cent). The average increases in intestinal tone 
and amplitude of movement were 63.8 and 16.07 mm., respectively. 
The increases in tone varied from 5 to 125 mm., and the increases in 
amplitude ranged from 2 to 150 mm. The average duration of the 
increased intestinal activity was eighteen minutes (fig. 2). The 
increases in tone were probably actually greater than indicated by these 
figures, because in four instances (all in the group with sevent 3 "-two 
hour obstruction) the true responses are not expressed because of a 
leaky intestinal balloon. Also, in three instances, the tracing needle 
passed off the kymographic drum and the true value could not be measured. 
The true average duration of increased activity was undoubtedly longer 
than eighteen minutes, because in seven of the forty-three instances, the 
intestine was still active at the time the obserr^ations were terminated. 



Fig. 4. — Kymographic tracing showing the effect on forty-eight hour obstructed 
intestine of the intravenous injection of a hypertonic Ringer’s solution. At the 
e.vtreme left of the tracing, the intestine was inactive. After 11 cc. of the solution 
had been given, there was a rapid rise in intestinal tone associated with an increase 
in intestinal movement, following which the intestine became more or less spastic. 
This increased activity was continued throughout the experiment although there 
Was a moderate fall in tone after approximately eight minutes (open abdomen 
technic) . 

The average increases in intestinal tone and amplitude which occurred 
in animals with forty-eight hour obstructions were 62.1 and 11.3 mm., 
respectively (fig. 4 ). The average duration of the increased activity 
was 12.4 minutes. The average increases in tone and amplitude of the 
intestine of the animals with seventy-two hour obstructions were 64.2 
'■nid 18.3 mm., respectively (figs. 5 and 6). The average duration of 
tbc mcreased activity was 20.36 minutes (table 2). 

highteen observations concerning the effect of the intravenous 
•'idministration of the hypertonic Ringer’s solution on normal and 
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Slnr'ilrrim'le "'ith the closed abdomen 

inlravcncsly variLi fro,,, oTTo'"!/ 

Itilogra,., of body ,!c,V ,r T, , , , “""'“S' ' 

tration of the Iivnr^rf^ ■ ' p- ciilonde Afaiiies before the adnihiis- 

•f) ^ ei tonic Ringers solution varied from 510 to 640 m<r 

->th an average of 588 ing. per hundred cubic centimeters. 


f • tracing- showing the effect on seventy-two iioiir 

.. cstine of the infrav'enous administration of a hypertonic Ringer’s solu- 

lon llierc was some activity in the intestine before the administration of the 
solution, as evidenced by periodic movement of the intestine. Following the admin- 
istration of the solution, there was a marked rise in intestinal tone, which in the 
beginning was associated with an increased intestinal movement. This was, how- 
ever, followed by a sustained tone. During this period there was copious evacua- 
tion of feces through the enterostomy tube (open abdomen technic). 


Fig. 6. Kymographic tracing showing the effect on seventy-two hour 
obstructed intestine of the intravenous administration of a liypcrloiiic Ringer s 
solution. As is seen at the extreme left of the tracing, there was practically no 
movement of the intestine. Following the intravenous administration of the 
solution, there was a marked increase in intestinal tone, so much so that tlie lever 
almost passed off the drum. This was associated with a definite periodic increase 
in intestinal movement, which was later followed by a sustained rise in tone (open 
abdomen technic). 


chloride -v-alucs following the admini.stratioii of solution varied iroin 
605 to 1,010 mg. (average, 725.3 mg.) per hundred cubic centimeter.' or 
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blood. There was an average percentage increase in blood chlorides ot 
23.4. Of the eighteen obser^'ations, three were made on normal intes- 
tine, six on intestine which had been obstructed for twenty-four hours, 
six on intestine which had been obstructed for forty-eight hours and 
three on intestine which had been obstructed for seventy -two hours. Of 
the entire group, there was an increase in intestinal activity in seventeen 
(95 per cent), whereas in one (5 per cent) no change occurred. In those 
instances in which increased activity occurred, there were average 
increases in tone and amplitude of 13.1 and 2.9 mm., respectively. The 
average duration of the increased intestinal activitj' was 17.6 minutes 
(fig. 7). In three observations made on normal intestine following 
intravenous injection of the hypertonic Ringer’s solution, there was an 


Table 2. — Hypertonic Ringer’s Solution; Open Abdomen Experiments 



Total 

Observa- 

Xormal 

24 Hour 
Obstrue- 

45 Hour 
Obstrue- 

72 Hour 
Ob.etruc- 


tions 

Intestine 

tion 

tion 

tion 

Xumljcr of obsen'ations 

43 



14 

29 

-tverage dose per Kg. of body weight, cc 

. 2.39 



2.6 

2.4S 

.\verago blood chloride before, mg. per 100 cc... 

. G29.S 



G59.5 

011.2 

Average blood chloride after, mg. per 100 ee 

. 7n.2 



7S5.4 

701 .3 

Increase in blood chlorides, per cent 

. 22.3 



19.2 

24.5 

Increased intestinal activity, per cent 

. 97.7 



92.S 

100 

Ko change in intestinal activity, per cent 

2.3 



7.17 

0 

Decreased intestinal activity 

0 



0 

0 

-Vverage increase in tone, mm 

. 6.3.8 



C2.15 

C4.C 

Average increase in amplitude, mm 

. 16.07 



11.2 

1S.3 

Average duration of increased activity, mm 

IS 



12.4 

20.3S 


increase in activity in two (66.6 per cent) and no change in one (33.3 
per cent). In the latter instance, however, the Ringer’s solution was 
given at the height of intestinal activity, which had been produced by a 
previous injection of the solution. The average increases in tone and 
amplitude in this group were 11.5 and 5 mm., respectively. The average 
duration of the activity was thirty-two minutes. In all (100 per cent) 
ol the six observations made on animals with twenty-four hour obstruc- 


tions there were increases in intestinal activity, the increases in tone and 
amplitude being 5.8 and 2.3 mm., respectively (fig. 8). The average 
duration of the increased activity was 14.3 minutes. In all (100 per 
cent) of the six animals with forty-eight hour obstructions, there were 
increases in the intestinal activity following the intravenous administra- 
hou of the hypertonic Ringer’s solution. The increases in tone and 
'■nnpliuide were 23.3 and 3.3 mm., respectively (fig. 9). The average 
' uration of the increased activity was more than fourteen minutes. In 
t le three observations made on the seventy-two hour obstructed intes- 
tine. there was an increased activity in all with average increases in tone 
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and amplitude of 30 and 2 mm., respectively (fig. 10). The average 
duration of the increased activity was 22.3 minutes (table 3). 

Thirty-four observations were made concerning the coagulation of 
the blood of animals with intestinal obstruction. Twenty-six of these 
were made before and after the administration of the hypertonic 
Ringer’s solution, whereas in eight, the observations preceded and fol- 



'HYPERTONIC' RINGER'S SOL. 'HYPERTONIC HARTMANN'S SOL 

Fig. 7.--Graphic representation showing the effect on intestinal 
intravenous administration of a hypertonic Ringer’s solution and o 
Hartmann’s solution. The percentage increases m intestinal activit) a PP^^ 
mately the same; there are, however, slightly grater . ti,at 

amplitude of movement following the Iwpertonic Hartmanns 
obtained with the hypertonic Ringers solution. 


Table 3.- 


-Hypertonic Ringer’s Solution; Closed Abdonw^ Experi^ 


-IS Hour 

72 Hour 

Obstruc- 

Obstruc- 

tion 

tion 

C 

L> 

l.OS 

3 . 1 c 

,>.■57 

r/^o.r* 

702.**> 

070 


32.7 

300 

300 

0 

0 

0 

0 

23.:J 


a.o 


3-1 -r 

22 ." 


Total 

Observa- I^oriaal 
tions Intestine 

.... IS 3 

Xuinber of observations 

Average dose per Kg. of body veight, cc- - • • ■ ^ ' 

Average blood chloride before, mg. per 100 cc 

Average blood ehloride after, mg. per 100 cc 

Increase in blood chloride, per cent 

Increased intestinal activity, per cent ^ 

No change in intestinal activity, per cent 

Decreased intestinal activity ^ ^ 

Average increase in tone, mm ^ - 

Average increase in amplitude, mm 

Average duration of increased activity, minutes.. i'- 

at ^ 

lowed the administration of morphine. In the morphine 

that the average coagulation time before tlie a ■ ‘ cnaguia- 

was two minutes and fort 3 -eight two minute^ 

tion time following the administration o mo ^ ,^^]at^oIl time of 
and twenty-five seconds, an average time wa.s defer- 

13 6 per cent. In all instances in winch the co..., < jivpcrtomc 

.,-„i before .end .offer .be intravenous ' icrrn.cd 

Ringer’S solution, there was a decreased coagulation tun 
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coagulability of the blood) following the administration of the solution. 
The percentage decreases in coagulation time varied from 12.7 to 57. 
the average coagulation time before and after intravenous injection 
being two minutes and fifty-four seconds and one minute and fift}'-si.x; 
seconds, respective!}', an average percentage decrease of 33. 



OB fX 



Fig. 8. — Kymograplnc tracing showing the effect on twenty-four hour obstructed 
intestine of the intravenous administration of a hypertonic Ringer’s solution. As 
seen at the e.xtreme left of the tracing, there was no activitj' in the intestine, but 
following the administration of the solution, there was an increase in intestinal 
tone and also amplitude of movement. This increase in intestinal movement showed 
c\idcnce of periodicity (closed abdomen technic). 



intcstiiK; of tracing showing the effect on fort}'-eight hour obstructed 

lowing tlw ini administration of a hypertonic Ringer’s solution. Fol- 

au irregular*^ ^ marked increase in intestinal tone associated with 

'■'■'lativoK. 1 1'^ intestinal movement. This increased activitv persisted a 

"'I.' short time (closed abdomen technic). 


^^’"gcr's^sol which an intravenous injection of a normal 

iition uas made into normal animals, there was an increase 


archives of surgery 

in intcstinal^activity in fouf (50 per cent) and no change in four (50 
per cent). The average increases in tone and amplitude were 35.5 and 
2.2111111., respectively (fign H). The average duration of the increased 
activiti" was 21.6 niiniites. 


Fig'. 10. — Kyniographic tracing: showing the effect on seventy-two hour 
obstructed intestine of the intravenous administration of a hypertonic Ringer’s 
soiution There was a marked increase in intestinal tone which was associated 
with an increase in intestinal movement. The duration of the increased activity 
was short (closed abdomen technic). 


Fig. 11. — K 3 'mographic tracing illustrating the effect on normal 
the intravenous injection of a physiologic Ringer’s solution. .As seen in <i wu ^ 
midportion of the tracing, there occurred following the intravenous 
of 40 cc. of the solution a rapid rise in intestinal tone which was 
an increase in intestinal movement. During this period of incrca.sed actiMtii 
lomiographic drum was stopped, the entire period of increased actiiilj 
hour and ten minutes (closed abdomen technic). 

“ijyPERTOXIC” IIART.WANX^S COMIHSICP .SOt.L'TlO.V 
Twenty observations. concerning the effect of the intraienoii.s 
tion of hypertonic combined solution of Hartmann were m.u t 
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animals, the closed abdomen technic being employed. Hartmann’s solu- 
tion is a modified Ringer’s solution containing the electrol 3 -tes of the 
blood and also sodium lactate, which is readily o.^ijlized. The solution 
as now einployed by Hartmann is as follows 


Sodium lactate 2.80 Gm. per liter 

Sodium chloride 5.85 Gm. per liter 

Potassium chloride ' 0.373 Gm. per liter 

Calcium chloride 0.274/jm. per liter 


As this solution is being dispensed in a concentrated form in ampules, 
which facilitates its use, it was thought advisable to test its efficac}- in 
stimulating the intestine. The solution as dispensed is diluted twenty- 
five times in order to make a physiologic solution. In our experiments, 
.we added to the contents of a 20 cc. ampule, 5 cc. of sterile distilled 
water, giving a solution with the following constituents: ' 

Sodium chloride 11.7 per cent 

Sodium lactate 5.6 per cent 

Potassium chloride 0.74 per cent 

Calcium chloride 0.54 per cent 

The amount of the hypertonic Hartmann’s solution which was adminis- 
, tei'&d varied from 0.18 to 3.2 cc., the average being 1.16 cc. per kilogram 
of body weight. Blood chloride values before the administration of the 
■•.solution varied from 476 to 725 mg. with an average of 547.63 mg. 
per hundred cubic centimeters of -blood. The blood chloride values 
after the administration of the solution A'aried from 500 to 780 mg., 
the average being 670.79 mg. per hundred cubic centimeters. There 
was an average percentage increase in blood chlorides of 16.3. The 
average amount of the hypertonic Hartmann’s solution administered to 
annuals with normal intestine was 1.1 cc. per kilogram of body weight. 
The average blood chloride v’alues before and after the administration 
of the solution rvere 564.28 and 632 mg. per hundred cubic centimeters, 
respectively, an average percentage increase of 12.2. The average 
amount of the hj^pertonic Hartmann’s solution administered to animals 
uith twenty-four hour obstructions was 1.4 cc. per kilogram of bodj" 
AA eight. The average blood chloride values before and after the 
administration of this solution were 539.83 and 645 mg. per hundred 
cubic centimeters of blood, respectwelj', an average percentage increase 
0 19.8. The average amount of Hartmann’s solution administered to 
^niiuals with forty-eight hour obstructions was 0.9 cc. per kilogram of 
w_\ A\ eight. The average blood chloride values before and after the 
at uunislration of the solution were 712.5 and 739 mg. per hundred 
cu lie centim eters, respectively, an average percentage increase of 3.9. 

10. Tlie Hartmann’s solution was supplied us by the Eli Lilly Company. 
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J he amount of Hartmann’s solution administered to animals with 
seventy-two hour obstructions was 0.98 cc. per kilogram of body weight. 
The avei'age blood chloride A'alues before and after the administration 
of the solution were 672.75 and 745.77, respectively, an average percen- 
tage increase of 10.8. Of the twenty observations, in nineteen (95 per 
cent) there were increases in , intestinal activity following the intra- 
venous administration of the hypertonic Hartmann’s solution. In only 
one instance (5 per cent) rvas there no change in intestinal movement. 
The ar'^erage increases in tone and amplitude in the nineteen instances 
were 20 and 3.6 mm., respectively ; the average duration of the increased 
intestinal activity was 20.2 minutes (figs. 3 and 7). Seven of the twenty 
obserAmtions AA'ere made on normal intestine. In 87.5 per cent of these 


Fig. 12.— Kymographic tracing showing the effect on norma ;,t 

intravenous administration of a hypertonic Hartmann's so poI- 

the extreme left of the tracing, there was little movement o e ^^,,5 

lowing the infusion of the solution, there Avas a (dosed 

associated, hoAvever, with a very definite increase in mtestma 
abdomen technic). 

• 22 3 cent 

there was an increase in intestinal activity, Avhereas m _ 
there Avas no change. The average increases in tone an > 
this group Avere 25.6 and 3 mm., respectively, tlie J „-ere 

the activity being 20.4-{- minutes (fig. 12)- Seven 0 ^ cent; 

made on animals Avith twenty-four hour obstruction, m j|^^.j.eascs in 
of Avhich there Avas an increase in intestinal activity. 
tone and amplitude Avere 16.2 and 1.7 mm., respectn^e}^ 
aA^erage duration of the activity AA-as I7.2-f ].far(rii-'>”'’'" 

observations made concerning the effect of the hype incfcn^c 

solution on forty-eight hour intestinal obstruction si 
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in intestinal activity, the increases in tone and amplitude being 28 and 
8.5 mm., respectively (fig. 14). The average duration of the increased 
activit}- was 16.5 minutes. In four observations made on sevent}-'t\vo 
hour obstructed intestine, there was an increase in intestinal activity 



33 - - ^ 3s 

'i-is-i, T- >■>> 




Fig. 13. — ^Kymographic tracing showing the effect on twenty-four hour 
obstructed intestine of the intravenous administration of a hypertonic Hartmann’s 
solution which had been given twenty-five minutes previously. As illustrated, 
there were periodic increases in intestinal activity, consisting of increases in tone 
and amplitude of intestinal movement (closed abdomen technic). 



"t all. There were increases in tone and amplitude of 13.5 and 5 mm., 
cspcctn-clv (finr. 15 ) average duration of this increased activitv 

28.2 minutes (table 4). 


I 
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SODIUM CHLORIDE, 20 PER CENT; CALCIUM CHLORIDE, 5 PER CENT 

Four observations concerning the effect of the intravenous injection 
of sodium chloride, 20 joer cent, and calcium chloride, 5 per cent, were 
made on animals with fort3''-eight hour intestinal obstruction. The 
amounts injected varied from 2.2 to 4.4 cc., the average being 2.7 cc. 
per kilogram of bod}" weight. The average blood chloride values 
before and after the administration of the h3"pertonic salt solution weie 
616.2 and 816 mg., respective!}", an average percentage increase of 32.5. 
There were increases in intestinal activit}" in all instances (100 per cent). 
The average increases in intestinal tone and amplitude were 25.7 and 
12.5 mm., respective!}" (fig. 16). The duration of the increased activit} 
was 17.2 minutes. In one of the four instances (25 per cent), there 
was an increase in blood pressure amounting to 16 mm. of mercury. 


Table A.—Hartmaim’s Solution; Closed Abd omen Experiments 

Total 21 Hour ^SHour 72 Hour 

Observn- Normal Obstruc- Obstruc- Obstnic- 
tions Intestine tion tion tion 

K " 2 

Number ot observations 0 , 5 S 

Average dose per Kg. of body weight, cc mo • 

Average blood chloride before, mg. per 100 cc 547.0 M.. _ 

Average blood chloride after, mg. per 100 cc 070.7 63, ^ 

Increase in blood chloride, per cent ’<"^3 

Increased intestinal activity, per cent 0 0 

No change in intestinal activity, per cent 5 P 0 « » 

Decreased intestinal activity ^ ^^2 28 15.5 

Average increase in tone, mm ^ g 5 r> 

Average increase in amplitude, mm • , , j7_2+ 10.5 58.2 

Average duration of increased activity, minutes.. 20..- 

In two (50 per cent), there was no chanp m ,| , ,|,c 

one (25 per cept), the carotid cannnla becatne dotted, 

determinations could not be made (table 5, hg. ) • 

sootoM cHconton, . Pen ennr, -“"V" 

Five observations were made concerning t le e 0.5 per 

injection of sodium chloride, 20 per on animals 

cent, on obstructed intestine. _ Three of thes seventy-two 

with forty-eight hour obstructions and t'vo ^^tho ^ 3 7 ec., 

hour obstructions. The amount injected 

the average being 2.2 cc. per kilogram of ) liypertonic 

Stride /nines before and after the an /c«e per- 

salt solution were 641.5 and /88.a in^nccs, there was 

centage increase of 22.6. In each o^ am[)Iitudc 

an increase in intestinal activity with , juration of tins 

of 73.8 and 16.6 mm., respectively. ' ‘7 .nls witli 

increased activity was 19.2 minutes (fig- Fj). 
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forty-eight hour obstruction, the average dose per kilogram of body 
weight was 1.5 cc. Blood chloride values in this group before and after 
the intravenous administration of the hypertonic salt solution were 
641.5 and 788.5 mg., respectively, an average percentage increase of 



Fig. IS. — Kymographic tracing showing the effect on seventy-two hour 
obstructed intestine of the intravenous administration of a hypertonic Hartmann’s 
solution. There were periodic increases of intestinal tone and amplitude of intes- 
tinal movement. Associated with each increase in tone and amplitude, the animal 
apparently experienced pain as evidenced by crying (closed abdomen technic). 


HUH" kH -I H '**! t nu ll I HI -i I I i i u I I 1 1 ll l ^■ |l l■* 
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3./£C. i> 


H t 1 1 1 t f» r r ni I r< ■ 








int Kymographic tracing showing the effect on fortj'-eight hour obstructed 

n cstinc of the intravenous administration of sodium chloride, 20 per cent, and 
P'^"' There was an increase in intestinal tone but more 

iou ^ increase in the amplitude of intestinal movement. Approximately 

completion of the infusion, the intestine became more or less 
-Pastic (open abdomen technic). 

22 6 T II • 

n'f .• ^ I'lstances (100 per cent) there were increases in intestinal 

‘Cuitt, the increases in tone and amplitude being 74.6 and 14 mm.. 
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respectively (fig. IS). The average duration of the increased activity 
was nineteen minutes. In the two observations made on animals with 
seventj’^-two hour obstruction, the average dose per kilogram of body 
weight was 3.3 cc. The average increases in intestinal tone and ampli- 
tude were /2.5 and 20 mm., respectively (fig. 19). The average duration 
of the increased activitj'^ was 19.5 minutes, Tlie intravenous administra- 
tion of sodium chloride, 20 per cent, and calcium chloride, 0.5 per cent, 
produced an average increase in blood pressure of 11 mm. of niercmy 
in two instances (40 per cent), whereas in three (60 per cent), there 
was no change in blood pressure (table 5), 

Table S. — Combhtations of Sodium^ Calcium aud Potassium Chloride 


Sodium Clilorido, 20% 
Calcium Chloride, 0.5% 

4SHr. 72 Hr. 


Total Ob- Ob- 
Ohscr- stnic- struc- 
vatlon tion tion 


Number of observn- 
vntlons 

5 

o 

0 

AverflKo dose per Kg. 
of body ivolght, cc 

2.2 

1.0 

n A 
0.0 

.-Vvernge blood chloride 
before, mg. per 100 cc.. 

cu.n 

041,5 

.. 

Avernge blood chloride 
after, mg. per 100 cc... 

7SS.5 

7SS.5 

.. 

Increase in blood 
chloride, per cent 

22.G 

22.G 


IncrcnDccl Intcstlnnl 
activity, per cent 

100 

100 

100 

No cliangc in intestinal 
activity, per cent 

0 

0 

0 

Decreased intcsfiiml 
activity 

0 

0 

0 

Average Increase in 
tone, mm 

73.S 

74.0 

72.5 

.-Iverngo increase in 
amplitude, mm 

IG.C 

H 

20 

-Vverage duration of in- 
creased activity, min.. 

J0.2 

10 

3f) 


Sodium Chloride, 20% Sodium Chloride, 20%^ 
Calcium Chloride, 5% Pota.'.'lum Chloride, O..'),,- 

A - — - ^ ~ 


Total 

Obser- 

vation 

4S Hr. 

Ob- 

struc- 

tion 

72 Hr. 
Ob- 
struc- 
tion 

f 

Total 

Obser- 

vation 

4S Hr. 
Ob- 
struc- 
tion 

T2 Hr. 
Ob- 
stnic- 
tion 

4 

.. 

- 

6 

s 

3 

2.7 

2.7 


S.C 

.>•5 

4,1 

010.2 

010.2 

... 

019.1 

050 

575.3 

SIC 

SIC 


793.C 

S01.3 

755 

.72.5 

32.5 

.. 

21.1 

21.0 

.75.5 

100 

100 


S7.3 

100 

00 

0 

0 

.. 

10.0 

0 

o” 

0 

0 

V. 

0 

0 

0 

25.7 

2.5.7 


.5S.S 

7S,0 

20 

12.5 

32.5 


10.4 

20.0 

s.r* 

17.2 

37.2 


3.0.4 

17 



SODIUJr CXiLORIDE, 20 PER CENT; POTASSIUJl CHLORIDE, 0.5 RER CE-VT 

The effect of the intravenous administration of sodium ' 

per cent, and potassium chloride, 0.5 per cent, on animals viti or 
eight hour and seventy-twm hour intestinal obstruction was 
in six instances. The amounts injected varied from 1.5 to ^ 
■with an average of 3.6 cc. per kilogram of body weight. Tic 
blood chloride values before and after the administration o ( ic 
tonic salt solution were 619.1 and 793.6 mg., respectivel\ , an 
percentage increase of 21.1. In all but one of the six j„ 

per cent) there were increases in intestinal activity. In t 
which there ivas an increased inte.stinal activity, tlic avemge ‘ 
intestinal tone and amplitude were 5S.S and 19.4 mm., respcc 
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20 % RINGERS 20 % 20 % 20 % 

POTASSIUM CHLORIDE CALCIUM CHLDRCC CALCIUM CHLORIDE 
0S% 5% OS^o 

Fig. 17. — Graphic representation comparing the effects on intestinal activity 
of the intravenous administration of sodium chloride, 20 per cent, of a hypertonic 
Ringer’s solution, of sodium chloride, 20 per cent, and potassium chloride, 0.5 per 
cent, of sodium chloride, 20 per cent, and calcium chloride, 5 per cent, and of sodium 
chloride, 20 per cent, and calcium chloride, 0.5 per cent. The hypertonic Ringer’s 
solution produced a more marked increase in intestinal activity as regards increases 
in tone and amplitude and duration of activity than did sodium chloride, 20 per 
cent. Sodium chloride, 20 per cent, and calcium chloride, 0.5 per cent, was more 
efficacious in stimulating intestinal activity than sodium chloride, 20 per cent, and 
calcium chloride, 5 per cent, and also sodium chloride, 20 per cent, and potassium 
chloride, O.S per cent. The addition of potassium and calcium to sodium chloride 
increased the stimulating properties of the sodium chloride. 



Fig. 18.— Kymographic tracing showing the effect on fort>'-eight hour obstructed 
nitestine of the intravenous administration of sodium chloride, 20 per cent, and 
a cium chloride, 0.5 per cent. Almost immediately after the beginning of the 
^niusion, there was a slight rise in intestinal tone associated with an increase in 
sudd^"'^^- After approximately one and one-half minutes, there was a 

tl" l". ’'’testinal tone which was so great that the writing lever passed off 

mov ■ drum. This was followed bj’ an increased tone with a little 

ing' which there was another period of increased activitj' consist- 
intestinal tone and amplitude of intestinal movement (open 

aixlomcn technic). 
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Ihc average duration of the increased activity was 19.4 minutes (figs. 
17 and 20). In three animals with forty-eight hour obstruction, the 
average dose per kilogram of body weight was 3.5 cc. The average 
blood chloride values before and after the administration of the hyper- 
tonic salt solution were 659 and 802.3 mg., respectively, a percentage 
incieasc of 21.6. All of this group (100 per cent) showed increases 


Fig. 19. — Kyniographic tracing showing the effect on seventy-two lioiir 
obstructed intestine of the intravenous administration of sodium chloride, 20 per 
cent, and. calcium chloride, O.S per cent. There was a sudden rise in intestinal 
tone associated with a very marked increase in intestinal movement. This per- 
sisted for a relatively long period of time (open abdomen technic). 


100 



SODIUM CHLORIDE 20% 



SODIUM CHLORIDE 20% 
POTASSIUM CHLORIDE OS% 



Fig. 20. — Comparison of the effect on intestinal activity ^ 
administration of sodium chloride, 20 per cent, and potassium chlorK e, 

There was a greater percentage of increase in intestinal acti\itj ? Anin-r. 
administration of the latter solution than following the administration o 
The increases in intestinal tone and amplitude of intestinal nio\cmeii 
greater. 


in intestinal activity with an average increase in tone and 
78.6 and 26.6 mm., respectively (fig. 21). '1 he average 

lie increased activiU^ was seventeen minutes. In the three 
;eventy-two hour obstruction, the average amount injected jicr 



Fig. 21.— Kymographic tracing showing the effect on forty-eight hour obstructed intestine of the 
intravenous administration of sodium chloride, 20 per cent, and potassium chloride, 0.5 per cent. 
There occurred a marked increase in intestinal activity as evidenced by periodic increases in intes- 
tinal tone and amplitude of intestinal movement (open abdomen technic) . 



th — Kymographic tracing showing the effect on seventy-two hour obstructed intestine of 

intravenous administration of sodium chloride, 20 per cent, and potassium chloride, 0.5 per cent, 
e occurred first an increase in intestinal movement associated with a relatively slight rise in 
inal tone. This, however, was followed by periodic increases in intestinal tone and amplitude 
topcn abdomen technic). 



ip, 25 . 

''■’^■■1' fracing showing the effect on forty-eight hour obstruction of the intra- 

iniuMoi, sodium bicarbonate, 6 per cent. Almost immediately after the beginning of 

-'n incri-av"^*'*^ intestinal activity as evidenced by a rise in intestinal tone and 

e m the amplitnde of intestinal movement (open abdomen technic). 




764 


.INC! urns on sriainry 


of bod}'^ M'eiglil wa^ 4.1 cc. 'J'lie average blood elilorific value.-- before 
and after the iniravcnou.s adtnini.*^! ration were 578..4 and nig., 

respectively, a percentage increase of 35.8. f )tdy two ( t/) per cent) 
of these three showed an increased iiUe.'-tinal activitv, whereas f>ne 
(33 per cent) showed no change in the activity. In the two in which 
there was an increase in intestinal activity, the a\'erage increases in tone 
and ampliUule were 29 and S.5 inm., respectively (fig. 22). 'Fhe 
average duration of the increased activity wa.s twenty-three nnmitc.s. 
In onl}' five of the six instances in which .sodium chloride, 20 jicr 
cent, and potassium chloride, 0.5 per cent, were tiscfl were hIo<’)d pre.ssure 
deteiminations made. In two (40 jier cent), there was an average 
increase in blood pressure of 9 mm. of mercury. In two (40 per cent), 
iheie was no change in blood pre.ssure, whereas in one, the carotid 
cannula clotted, so that the blood pre.ssure could not be determined 
(table 5). 


eu.M.MKNT 


The advisability of administering chloride solutions to subjects with 
intestinal obstruction is now well appreciated, largely due to the inves- 
tigations of Haden and Orr,*^ who showed that in high intestinal 
0 stiuction, at least, there almost invariably occurs a hypochlorcmia 
an an associated alkalosis. Raine and Perry demonstrated that if 
a on intestinal obstiuction persists long enough, a hypochlorcmia will 
aJso develop as in high obstructions. Clinically, chlorides have been 
a ministered largety in the form of physiologic or slightly^ hypertonic 
r cent) sodium chloride solutions, primarily for the 
purpose of combating the existing hypochlorcmia. ContraVv to the 
nega ive results obtained by Hughsoii and Scarff ^ and Orr'-* with a 
physiologic sodium chloride solution, we have obtained an increased 
na activity in 50 per cent of our observations made following 
le in ravenous injection of a physiologic Ringer’s solution (fig. 11). 

however, much less marked than that seen following 
the use of hypertonic solutions. 

anri + 1 - original obsen^ations of Hughson and Scarff ^ 

snlni-in^ investigations of Ross,^** the use of h)rpertonic sodium chloride 
^ ^ cases of adynamic ileus has become quite popular and 

Obstruction^^! ^ ^ o Changes in Blood After Intestinal 

Changes in Biood'^’oT^ ^odiun, Chloride on Chen^ical 

19^3 • Effect of T Pyloric and Intestinal Obstruction, ibid. 38:55, 

Obst;uctfon of Dog After 

Obstruction in the M 1924; Experimental High Intestinal 

« = 1925; Obstruction of the Jejunum: Effect 

(Dec ) 1925 ^lood of Dog, Arch. Surg. 11:859 

on Toxicity Intra'lnt^^u'^^’i ^ ^ Intestinal Obstruction: Experimental Studies 
(Sept 41 ^ 9 . Therapy, Arch. Surg. 19:478 
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in many instances life-saving-. The e.x'act mechanism by which hyper- 
tonic salt soIntioi7S stimnlate intestinal activity is not known. Hughson 
and Scari'f ^ showed that resection of t.he splanchnic and vagus nerves 
caused no alteration in the response of the intestine to hj-pertonic 
sodium chloride solutions. The^* also obtained no change in the response 
following the painting of a loop of intestine with 5 per cent procaine 
In-drochloride or 1 : 1,000 lucotine solution. A characteristic response 
was not obtained only when the blood supply to the loop of intestine 
was markedly interfered with. Bouisset and Fabre,^^ as a result of 
their e.xperimentation, concluded that Iwpertonic salt solutions, bv 
inhibiting the splanchnic effect, remove the inhibition exerted on the 
intestine bv the splanchnics. They found the characteristic inhibition 
of intestinal achhdt}* following splanchnic stimulation could be prevented 
bj' the intravenous administration of In-pertonic salt solution. 

Deh 3 -dration of the organism resulting from the injection of the 
hypertonic solution cannot be the cause of the reaction, because we 
have shown that the intravenous administration of a hypertonic dextrose 
solution invariably inhibits rather than stimulates intestinal activitv. 
Hammett,^® working with an isolated duodenal segment of the albino 
rat, found that the addition of sodium carbonate or sodium hydroxide 
to the surrounding fluid caused a contraction of the intestinal muscula- 
ture. King and Church/® working with intact animals, found that the 
intravenous injection of sodium bicarbonate increased the intestinal 
activity-. Dreyer and Tsung-t found that an increased intestinal activity 
occurred following the intravenous injection of hypertonic solutions 
of sodium chloride, sodium sulphate, sodium bicarbonate and sodium 
carbonate. We have also been able to corroborate the finding that the 
intravenous injection of a hypertonic sodium bicarbonate solution caused 
an increase in intestinal activity (fig. 23). Hammett^® e.xpre.csed the 
belief that increased intestinal activity is the result of an increase in 
the hydroxyl ions and that relaxation occurs whenever there is an 
excess of hydrogen ions. King and Church ^® are also of this opinion. 
That the reaction is not due to the disturbance in the sodium-calcium 
balance is indicated by King and Church’s results, in vhich they vcrc 
unable to influence the reactions produced bv the injection of soriium 

13. Bouisset, L., and Fabre, P. : Action of Hypertonic Sodium Gdoridc on 
Extrinsic Innervation: Effects on Sy-mpatbctic, Compf. rend. Soc. de hiol. 107: 

688, 1931. 

14. Ochsner, Alton; Gage, I. Ivl.. and Cutting. R. : Effect of Insulin and 
Glucose on Normal and Obstructed Intestine, Proc. Soc. E.xpcr. Biol, fc Med. 
29:264, 1931. 

15. Hammett, F. S.: Role of Change in Hydrogen-Ion Concentration in .Mot-r 
Activity of Small Intestine, Am. J. Physiol. G0:a2. 1922. 

16. king, C. E., and Church. .1. G.: Motor Reaction of Mu‘culnri= Mi::r-.-? 
to Some Drugs, .Am. J. Physiol. 66:428, 192o. 
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bicarbonate by injecting soluble calcium salts. It is (lirtlcult to intcrj)ret 
the results which we have obtained following the intravenous injection 
of hypertonic salt solutions in view of the (indings of these investigators, 
because even though the determination of the carbon dio.xide-combining 
power of the plasma was not made, it is ])rnl)al)le that in some of the 
animals, at least, there existed some degree of alkalosis. It such were 
present, the administration of hypertonic salt solution should, according 
to Hammett s and to King and Church's investigations, by decreasing 
the h)'drox 3 ’l ions, actually produce a decrease in intestinal movement. 

Ihe present stud}' confirms the jwevions experimental and clinical 
investigations as regards the stimulating effects of 20 jier cent sodium 
chloiide on obstructed bowel. We believe that wc have also demon- 


stiated, at least on the experimental aniinal with obstruction, that the 
use of h 3 'pei tonic solutions containing other salts besides sodium chloride 
aie moie efficacious than the use of sodium chloride solutions alone. 
In considering our results, it is probably necessary to differentiate the 
results obtained in the experiments in which the open abdomen technic 
was used from those obtained in experiments in which the closed 
abdomen technic was used. The hypertonic Ringer’s solution was used 
both in open abdomen and in closed abdomen c.xpcriments. The results 
obtained are not exactly comparable because the amounts of solution 
used in the open abdomen experiments (average 2.5 cc. per kilogram 
o ody weight) weie more than twice as large as the amounts employed 
in the closed abdomen experiments (average 1.17 cc. per kilogram* of 
^ 0 ^ y weight). However, the response of the intestine to the intravenous 
injection of h3'pertonic salt solutions with the former was so much 
gi eater than with the lattei that one is probabh- justified in assuming 
lat the more marked results obtained with the former are at least in 
part due to the t 3 'pe of technic emploj'ed. There was an increased 
es ma activity following the intravenous injection of the hj'pertonic 
Ringer s solution in 97.3 per cent of the open abdomen experiments 
and in 94 7 per cent of the closed abdomen experiments, which differ- 
ence we be heve can be disregarded. However, the average increases 
m tone in the open abdomen and the closed abdomen experiments were 
7 '■^"P^^'tively. The increases in amplitude were 18.4’ 

anc . ^ mm. respectively. The duration of this increased activity 
(17.6 minutes) was the same in both experiments. Even though larger 
amounts of the hypertonic Ringer’s solution were used in the open 
abdomen experiments, the average percentage increase in blood chlorides 
was 22.5 as compared with 23.7 in the closed abdomen experiments. 

_ us was because the average normal blood chlorides before the 
intravenous administration of the hypertonic Ringer’s solution was less 
menfc ^ aicoiueu expel iments than in the open abdomen experi- 
lere oie, obvious that a comparison of the results obtained 
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following tlic intravenous administration of hypertonic salt solutions 
should he made only when the same type of experiment is employed. 
Comparing the re.sults obtained lullowiog the intravenous administra- 
tion of 20 per cent sodium chloride solution in the animals with forty- 
eight and sevent_\’-two hour obstruction witli those obtained following 
the intravenous administration of the hypertonic Ringer’s solution, 
both experiments being performed according to the open abdomen 
technic, considerable difference is noted (fig. 2). In spite of a much 


larger dose in the former instance (an average of 8.4 cc. per kilogram 
of body weight as compared with 2.5 cc. in the latter), in only 90.4 
per cent was there an increase in intestinal activity as compared with 
97.3 per cent when the hypertonic Ringer s solution was employed. In 
4.4 per cent of the former group, there was no change in intestinal 
activity and in 4.4 per cent, there was an actual decrease. i\Iore 
significant are the changes in the tone and amplitude. The increases 
in tone obtained by the intravenous administration of the hypertonic 
sodium chloride solution and the hypertonic Ringer s solution v ere 28.6 


and 61.2 mni., respectively. The average increases in amplitude were 
5.05 and 18.4 nini., respectively. The average durations of the increased 
activities were 11.1 and 17.5 minutes, respectively. It is thus evident 
from these observations that the intravenous administration of a hyper- 
tonic Ringer’s solution is more efficacious (even though much smaller 
doses are employed) in stimulating the intestinal musculature in the 
presence of obstruction than is a hypertonic sodium chloride solution. 

By comparing the results obtained following the intravenous admin- 
istration of a hypertonic Ringer’s solution with those obtained following 
the intravenous administration of a Hartmann’s “hypertonic” combined 
solution (the closed abdomen technic was used in both), the following 
was noted (fig. 7) : In both experiments the dose was practical^ 
the same (1.17 cc. of Ringer’s solution and 1.16 cc. per kilogram ot body 
weight of Hartmann’s solution). In both groups, there were approxi- 
mately the same percentage increases in intestinal actnaty. _ However, 
there was some difference in the character of the response ot the intes- 
tine to the intravenous administration to the hypertonic solutions, flic 
average increases in tone following the administration ot hypertonic 
Hartmann’s solution and Ringer’s solution were -0 and 
respectivelv, whereas the increases in amplitude " 

respectively The durations of the increased activities were 20.2 and 
17.6 minutes, respectively. One would expect little difference in reaction 
of the intestine to these two hypertonic solutions becaii,-e ot t itn si 
larite'. The hvpertonic Ringer’s solution as_ employed _ contain, b 
per cent sodium chloride as compared with II./ per cent in . 
tonic Hartmann’s solution. Sodium lactate. ^ 

in the hypertonic Hartmann’s solution but not m the Iiyt>crw,i.a tv...e. • . 
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solution. Potassium chloride coiilents in the liyjier tonic Kinycr and 
the Hartmann’s solution are 0.6 and 0.7 ])er cent, re.spfclivcly. ! he 
calcium chloride contents were practically the .same, 0.a2 j)er cent in 
the hypertonic Ringer's solution and 0.54 per cent in tlie hypertonic 
Hartmann’s solution. The principal difl'ercnces arc that there i.s a higher 
concentration of sodium chloride in the hy]icrtonic Ringer’s .solution, 
and the hypertonic Hartmann’s solution contains sodium lactate. 

It is apparent that the administration of other salts besides scjdium 
chloride is of value in stimulating the intestine, Whitehear] *• found, 
working with ileal and jejunal segments employing the IMagnus technic, 
that the addition of calcium and potassium to the solution in amounts 
exceeding isotonicity caused a progressive increase in tone and a 
decrease in amplitude. In our intact animal cxi)erimcnts. we found 
not onl}'’ a much more marked increase in tone in the animals receiving 
the hypertonic Ringer’s solution, but also a materially increased ampli- 
tude. The duration of the increased activity was greater in the animals 
receiving the hypertonic Ringer’s solution. 

The relative effects of the addition of calcium and of potassium to 
sodium chloride solutions were also determined in the ])resent investi- 
gation, However, the number of observations made following the 
intravenous administration of each is so small that few or no positive 
deductions can be made. Tht effect of sodium chloride, 20 per cent, 
and calcium chloride, 5 per cent, in forty-eight hour obstructed intestine 
was determined in four instances. In all instances, there was an increase 
in intestinal activity. Similar results were obtained by the intravenous 
administration of sodium chloi'ide, 20 per cent, and calcium chloride, 
0.5 per cent. In five observations, the character of the reaction obtained 
was much more marked than that obtained with a higher concentration 
of calcium chloride. The average increase in tone following the intra- 
venous administration of sodium chloride, 20 per cent, and calcium 
chloride, 5 per cent, was 25.7 mm. as compared with 73.8 mm. increase 
in tone from the intravenous injection of sodium chloride, 20 per cent, 
and calcium chloride, 0.5 per cent. The average increases in amplitude 
.were 12.5 and 16.6 mm., respectively. The average durations of the 
increased activities were 17.2 and 19.2 minutes, respectivehc That 
the addition of calcium chloride to a hypertonic sodium chloride solu- 
tion enhances the value of the solution as an intestinal stimulant is 
evidenced by the difference in the results obtained by sodium chloride, 
20 per cent, alone and sodium chloride, 20 per cent, combined with 
calcium chloride, 0.5 per cent (fig. 17). This difference was especially 
marked in the animals with forty-eight hour obstructions. Intestinal 
activit}' was increased 94.1 per cent. It was increased 100 per cent in 


17. W hit^ead, R. W'’. ; Responses of Excised Intestines to Alterations of 
Electrotype Concentrations (Na, Ca, K), Am. J. Physiol. 89:253, 1929. 
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I'' f cent -hMruction receiving sodium chloride, 

chinridc. 0.3 ,V,- V',"-'''"” combined with calcium 


''icre,-iK(.,] 
‘^‘’”>i’'irisr,n 


one 


w-is ’’ec-iti'c even though in each the open abdomen 

. the nninl>er of observations is not the same. Twenta-- 


oiih" I'lYf. ” "''c in.tfle with sodium chloride, 20 per cent, whereas 
ciiloride ”'"*** "‘iili sodium chloride, 20 per cent, and calcium 

alone to th”- hitehend '• found that the addition of calcium 

muscle .vtr'^ ”-‘^hig /Inid in his investigations with ileal and jejunal 
■t'nplitiifle^'^*'' htcrense in rate and tone and a decrease in 

fonicitv of calcium was increased above iso- 

"5 tonV I “t” '“crease in amplitude as well as an increase 

observed ’^^'bitehead '• also 

solutib periodicity occurred when calcium was added to the 

additio”' V evident in our experiments (fig. 18). The 

Por cent ^ chloride, 0.5 per cent, to the sodium chloride, 20 

the adV' more inarkedh- stimulating effect on the intestine than 
o^‘cessiv'^'°” calcium chloride, 5 per cent. It is possible that tlie 
mav ha of calcium chloride present in tlie 5 per cent solution 

32 ■ ^ ^ c.xerted an inhibitory effect on the musculature of the intestine, 
Aub investigations of Kennedy,^® Bauer, Salter and 

j' Alvarez.-” In subsequent experiments, Fitzhugh, Miller, 

Aub were unable to show experimental!}' that calcium, 

“ m high concentrations, decreased the intestinal activit}'. 

3 ^. interesting results were obtained following the intravenous 
0 5 of sodium chloride, 20 per cent, and potassium chloride, 

kil ^ont. The dose employed was relatively large, 4.6 cc. per 
weight as compared with 2.2 cc. in the group receiving 
mm chloride, 20 per cent, and calcium chloride, 0.5 per cent. There 
miserable difference in the response to the two solutions. 
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Whereas in the group receiving the solution containing calcium chloride 
there was stimulation in the intestine in all (100 per cent), in the 
group receiving the solution containing potassium chloride, there was 
stimulation of the intestine in only 83.3 per cent. 1 he increases in tone 
in the groups receiving calcium chloride and potassium chlf)ride were 
73.8 and 59.8 mm., respectively. The increases in amplitude were 

16.6 and 19.4 mm., respectively. The durations of these increased 
activities were 19.2 and 19.4 minutes, respectively. It is thus apparent, 
if one is justified in comparing the results obtained in the relatively 
small group of experiments in which potassium was added to the 
sodium chloride, that the addition of potassium to the hyi)crtonic sodium 
chloride solution is efficacious in stimulating the intestine. Whitehead*' 
found following the removal of potassium from the pertusion fluid 
in the Magnus preparation that the restoration of the potassium always 
resulted in a characteristic temporary inhibition of the activity of the 
intestinal musculature. However, the addition of potassium above nor- 
mal resulted in a progressive rise in tonus and a characteristic periodicity, 
which was also evident in our experiments (fig. 21). Alvarez-® also 
showed that the addition of potassium salts increased the tone and 
amplitude of intestinal movement. It is apparent from our investigations 
that in the experimental animal, at least, the administration of calcium 
and potassium to sodium chloride is of advantage in stimulating the 
intestine in the presence of obstruction, as the intravenous injection of 
the hypertonic Ringer’s and hypertonic Hartmann’s solutions were more 
efficacious than the intravenous injection of the hypertonic sodium 
chloride solution alone. 

We have used the hypertonic Ringer’s solution clinically with very 
gratifying results and feel, on the basis of our experimental observa- 
tions and our clinical results, that its use is justified. In the clinic, we 
have employed from 10 to 15 cc. of the 20 per cent Ringer’s solution 
or the Hartmann’s solution prepared in the way described. It is 
extremely important that this solution be given slowly, not faster than 
1 cc. per minute, in order to obviate any danger of sodium poisoning. 
Within a shoil time after the intravenous administration, a rectal tube 
should be introduced, and if no results are obtained, an enema should 
be given because frequently an emptying of the small bowel into the 
colon occurs without defecation. Probably the greatest danger from 
the use of hypertonic salt solution is the increased coagulability of the 
blood, which danger, however, can be obrdated by using amounts not 
greater than 10 to 15 cc. and injecting the solution slowly. We have 
repeated the injection as often as every eight hours and feel that such 
a procedure is justified in those cases in which normal reestablishment 
of intestinal movement has not occurred. 



PERINEAL PROSTATECTOMY 

PRESIiXTATlOX OF THE WTLDBOLZ TECHXIC 
HERBERT SUGAR, M.D. 

Clinical Instructor of Urological Surgery, College of Medical Evangelists, 
White Memorial Hospital 

LOS AXCELES 

The controversy concerning the relative merits of the perineal and 
suprapubic routes of prostatectoni}- has finall}- become somewhat stabil- 
ized. Successful results in prostatectom}’ depend on the method in 
which the surgeon is trained and on variables of the individual case. 

The method of suprapubic prostatectomy has been to a great extent 
standardized. However, the perineal route has not as yet reached full 
maturit}', and in its growth has been wont to arouse the concern of 
many of its benefactors. The numerous approaches and modifications, 
man}" of which have been put forth by foreign contributors, have 
left many groping for the most proficient and efficacious route. 

The medical profession owes much to Young and his pioneer work 
in standardizing a perineal route, and to the work subsequently carried 
on by his pupils. However, in order to establish a final daritj', the 
various methods should be put forth and clearly stated. 

The methods of perineal approach may be brieHy summarized as : 

I. Median transurethral methods 

1. Berndt 

2. Praetorius 

3. Alexander 

4. Syms 

5. Goodfellow 

II. Ischiorectal method of Yoeicker 

III. Wilm’s lateral approach 

IV. Anatomic conservation b 3 ' surgical dissection of perineum 

1. Zuckerkandl 

2. Proust 

3. Young’s operation and modifications 

(a) Geraghfy 

(b) Transprostatic cn masse cnuclc.ation 

(c) Complete extracapsular prostatoseminal vesiculectomy for c.tscs 
of pure hyperplasia with pronounced infection and vesicufitis 

4. The Wildbolz method 

From the Chirurgischc Klink am Inselspital, Berne, Suitrerl.Tnd, 
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Wliilc working; \vi(h J’rofcssor Voc-lcla-r .-it Ilallc, Gfnnaiiy, I Iiad 
tlic cliaiicc t(j hell) ])erforiniuf; and laler to perform his isehioreetal 
])ro.slalccl.omy. fn oilier Eurojican clinics, namely, in Jlerlin with I’rof. 
A. von Liehlenherg' at the St. J ledwijil’.s Krankenhaus, and in I'erne, 
Switzerland with Prof. JJans VVildholz at the Chirnrgische Klinik am 
Insclspital, other methods of ])crinca! prostatectomy were used which 
afforded me the ojiportiinily to make a comparative study of the various 
methods. 


With the coo])cration of I’rofessor Wildholz, I have the opportimit)' 
to present to y\merican literature the illustrated technic of the Wildholz 
method of perineal ])rostatectomy. Possessing a working acquaintance 
with the Young method and its mollifications, as well as the German 
methods of Voelcker, Wilms, Znckerkandl anil others, I am jircsenting 
this paper as a com|)aralivc study to clarify the various methods of 
jierineal a])])roach, as well as to present the W'^iklholz method. 

In the various methods of perineal pi'ostatectomy used in America, 
the most con.sjiicuous disadvantage is the possible occurrence of post- 
0])crative incontinence. J o some surgeons this factor always looms as 
an oh.stacic in adojiling the jicrineal method as a routine. It became 
necessary, therefore, for some one to modif}’ the technic so as to avoid 
this possibility. J he Wildholz method overcomes postoperative inconti- 
nence by not exposing, opening or disturbing the membraneous urethra 
and its musculature. Moreover, in that it is a purely inlracapsular 
enucleation of the adenomas, both urinary sphincters are carefully 
preserved. 


The entile urethral mu.sculature, as emphasized by Schwarz, must 
be consideicd as a single functional unit. However, of the whole 
methi.il unit, the external and internal sphincters arc the most impor- 
tant. J. he icliabilily of urinary control is directly dependent on the 
intactness of the external sphincter. Further, in the mechanism of 
urinary control, the internal sphincter ])lays a lesser role than the 
external sphinctci. However, the internal sphincter can at times act 
to ])roduce a watertight exit, as exemplificrl in cystograms. 

This was also observed clinically by Wildholz in patients during the 
list days following pciincal prostatectomy, when they were left without 
lelcnlion c.ilhetcis, J he bladder would arbitrarily empty itself through 
tie pci meal wound, but between micturitions, the wound, although 
lying m front of the internal sphincter, remained dry. 

1 he events that occur during the normal ejaculation of semen show 
low^ completely the internal sphincter can control the urinary flow, 
uiing tic act of ejaculation the external sphincter opens com- 
‘-'cj, and yet not a diop of urine flows out, thus showing that the 
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internal spiiinctcr can williliold tiie urine in the bladder without the 
aid of tlic external sphincter. 

As depicted, the internal sphincter is quite important, but hardly 
the main factor in urinar}- control as many have tried to maintain. If 
this were true, some bladder incontinence should more frequently occur 
following suprapubic liroslatectoinv in which the internal sphincter is 
frequently greatly dilated, at times even torn. These facts were also 
borne out by Illyes. who noted by urethrosco])ic examination, following 
suprapubic prostatectomy, that a functional loss of the internal sphincter 
occurred. 

Other evidence to verify the lesser importance of the internal 
sphincter as compared to the external sphincter is presented by the 
catheter test of Finger and Wildbolz; namely, that a catheter passed 
just beyond tbe external sphincter into the posterior urethra will drain 
the contents of the bladder without anj- strangury, but as soon as the 
catheter is pulled distal to tbe external sphincter, the urinary flow will 
cease. 

It becomes obvious that the internal sphincter should bj- all means 
be protected during prostatectomy, but, even more important, it is neces- 
sarj’- to maintain an intact external sphincter so as to have a watertight 
control of the bladder following the procedure. It is the preservation 
of the external sphincter which is not given sufficient attention in most 
of the present daj’’ methods of perineal prostatectomy. 

In the method of Albarran and Proust, which was the first most 
commonly used, the prostatic capsule was split in its entire length from 
the membraneous portion of the urethra to the neck of the bladder, and 
on account of this the external sphincter was necessarily injured. The 
instruction of Young to insert the retractor through the membraneous 
portion of the urethra also led unavoidably to an injury of the external 
sphincter. This is further exemplified in the recommendation of Berndt 
and Praetorius to split the external sphincter as a routine in their 
method, the so-called median perineal prostatectomj-. It is obvious that 
by such procedure, urinary control would be frequently made uncertain. 
Even Zuckerkandl, with whom Wildbolz most nearly agrees, did not 
attach sufficient importance to the e.xternal sphincter, in that he split 
the prostatic capsule too far distally. He began the capsular incision 
at the root of the membraneous portion of the urethra and carried it 
'VQvy far proximally onto the prostatic capsule. Zuckerk.andl realized 
that this constituted a weak spot in his method, as was brought out by 
the following words: “By this method one succeeds in isolating the 
urethra to a greater extent than is possible by the Frcyer operation, 
inasmuch as the cuticular portion is also loosened from its surrounding.'.' 

The main goal in developing the Y ildbolz method oi j^erineal pro-:- 
tatectomv is to preserve the external sphincter in its entire lunctson :n 



774 


ARCimiiS OP SURGIiKY 


spite of the complete enucleation of the prostate; therefore, any j)rcpa- 
ration or exposure of the membraneous urethra is avoided. It is planned 
to leave this portion of the urethra and its enveloping external sphincter 
completely undisturbed and uninjui-ed and out of the field of operation. 
In order to accomplish this and to preserve all the muscular bundles of 
the external sphincter which encircle the prostatic portion, the caj)sular 
incision is placed as far as possible toward the bladder. The external 
sphincter is composed not only of encircling striated muscle enervated 
by the pudendic nerve, but also of smooth muscle enervated by the 
autonomic nerves. These muscle bundles extend on to the apex of the 
prostate. The Wildbolz prostatic capsular incision was therefore chosen 
to allow this important muscle ring and its extension on to the prostate 
to remain intact. 

It is quite unimportant as to whether or not the ejaculatory ducts 
are patent following the operation, because the routine bilateral vas- 
otomy, either before or at the time of operation, disturbs the patency 
of the seminal passages. Potenc}' docs not depend so much on the 
patency of the ejaculatoiy ducts as on the complete preservation of the 
nerves approaching the prostate gland. 

Wildbolz stated : 


That the difference of incision between Zuckcrkandl and myself is not unim- 
portant as regards efficient urinary control is siiown by the fact that Zuckcrkandl 
has not used his method very often on account of the frequency of postoperative 
incontinence, and therefore, he usually prefers the supra-pubic method; whereas 
with my method, I have obtained such good results that for 20 years I have 
rontinued to use the perineal prostatectomy and consider it the method of choice, 
o urn wio doubts the good bladder control following my operation, I wish 
^ r t hought, namely, ^ that if my patients had an unsatisfactory urinary 
con ro o owing the operation, they would have influenced other prospective 
P ents to avoid prostatectomy at my hands, and would have sought the help of 
surgeons who use the supra-pubic method; because it is well known that a 

urgeon s ai ures ecome known more quickly amongst his colleagues and hospital 
circles than his successes. 


TECHNIC 

in operation is almost always carried out with sacral anesthesia. In less than 
fit ° cases in which local anesthesia docs not work completely, or 

in ° yP'^^^'ixiety of the patient, ether anesthesia is used. The patient is placed 
abdo” lithotomy position, with the thighs sharply flexed against the 

ic m ^ perineum is completely exposed and tense. A metal catheter 

y waj of the urethra into the bladder and left in place. 

which 'begins with the semicircular perineal incision of Zuckcrkandl, 

the scrotum ischial tuberosity to the other, with the convexity toward 

splittinir thn ^ thumbs thickness below the dorsal edge of the bulb. After 

discern the j and the superficial perineal fascia, one is able to 

the undersurh/^”^f middle of the wound by a light dorsal pull on 

Co f le wound. With short sharp incisions made close to the 
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rnphc the Inill.. the ],ovtcri.>r .-nrl of flic urethral bulb is diisected out. This is 

mv’ios' of tl'o fatty tissue hanging on to the 
■ tile hull), niter which the Imlb will clearly protrude into the wound. The 
a crnl portions of the iierine.al incision should not he cut too deeply so as not to 
tnjurc the hrnnehes of the pudeiidic nerve which supply the e.xternal sphincter. 

o owintr the thsscclinn of the posterior bulbous end, the patient is frequently 
P aced in n sciiii-Trcndelcnhurg position. This is done so that during the following 
< tsH-ction around the posterior end of the bulb the light may be thrown into the 
' epi Is of (Jn, wound, in order that the recto-urethral muscle extending posterior 
lo the biilli may he clearly seen. 

I'V pulling down the posterior edge of the wound with a flat retractor, or even 
Jcttcr hy means of the fingers, the rectum and recto-urethral muscle will be put 
On a stretch. In order to avoid any danger of a rectal injurj-, the recto-urethral 
niusclc iniist he sharply divided near the urethral bulb (fig. 1). After this muscle 
■s Cut tlirougli, the rectum and levator ani will fall posteriorl.v, and the bulbous 



Fig. 1. — The perineal incision has been made, the muscles e.xposed, and the 
recto-urethral muscle is being severed near the urethral bulb. (The illustrations 
in this article are from the monograph of Hans Wildbolz: Technik der perinealen 
Prostatektomie, Urologische Chirurgie, Berlin, Julius Springer, 1929.) 


urethra and superficial transverse perineal muscles will remain anteriorly. The 
approach to the posterior aspect of the prostate will now be free. When the metal 
catheter that has been lying in the urethra is grasped and the prostate pushed 
prominently into the wound, the posterior aspect of the prostate, even though not 
immediately visible, wdll be easily palpable. Thus a straight line of direction from 
the perineal wound direct onto the prostate may be followed. The connective 
tissue layer which will be found on the posterior aspect should not be split far 
to the front, but ahvays toward the bladder. In this manner it is possible to m.-ike 
the posterior aspect of the prostatic capsule completely visible without the slightest 
injurj'- The capsule may be recognized by its shimmering whiteness and unusual 
tenseness. Before the capsule is split, an area no larger than the size of a quarter 
should be exposed, and great care should be taken not to expose tlie capsule to t<-o 
great an e.xtent from the fascia of Denonvieller. The exposed prostatic capsule 
is now split in the median line by a vertical incision. 
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Whether the capsule is split laterally or in a median line is apparently without 
great importance. The median incision is preferred because it gives equally good 
approach to both lateral lobes, and undoubtedly more effectively preserves the 
nerves that lead to the prostate both posteriorly and laterally. Of greater impor- 
tance than the question of either a median or a lateral incision is the fact that the 
incison must begin sufficiently far beyond the e.xternal sphincter to leave the 
latter completely intact. 

The incision into the prostatic capsule should begin as far as possible from the 
apex of the prostate toward the bladder, about 1.5 cm. superior to the inferior 
edge of the point where one begins to feel the prostatic adenoma (fig. 2). It 
should extend superiorly to the furrow between the prostate and seminal vesicles. 
The importance of commencing the capsular incision as far as possible toward the 
bladder from the inferior edge of the adenoma is stressed, for then the muscle 
ring that surrounds the membranous portion of the urethra remains intact, and 



2. ^With retractors in place, the prostate and its capsule are in sight. The 
latter is split vertically close to the bladder. 


the smooth muscle bundles of the sphincter that envelop the distal portion 
of the prostatic urethra are also preserved. The incision into the prostatic capsule 
should extend so deep into the adenoma that when the wound is separated the 
dividing line between the prostatic capsule and the adenoma is distinctly visible. 
It is not desirable at this point to cause an opening into ihe urethra with the 
initial^ capsular incision ; however, it is not always preventable when the posterior 
commissure of tlie adenoma, is very thin. 

A Kocher gland enucleator is now inserted in the cleavage line between the 
adenoma and the prostatic capsule. As soon as a small opening is created between 
the capsule and the adenoma, one proceeds to enucleate the adenoma subcapsularly 
b\ means of the forefinger. During the enucleation, special care must be taken to 
oosen the underportion of the adenoma from the prostatic urethra as well as from 
t le ase of the bladder, so as to avoid urethral tears in either place. 

.After the adenoma is loosened from the prostatic capsule both posteriorly and 
atera j , no urther enucleation is carried on until the urethra is severed as close 
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to l},c- ,i!;cnor aul at (he n<Iciin„,n as po^siWr. in order to prevent anv irregular 
l<-nr )nio ,J,c urethra or any injury to ti,e muale fibers of the external sohincter. 
• !" follow, manner: Tim index linger of the left hand 

1? Jilnced hctwccij the prostatic capsule and the adenoma, and the latter is pushed 
•IS lar as pnssjblo toward the bladder; at the same time the urethra around it is 
oosened as much as jiossihle. With the volar sunsce of the index finger 3 = a 
guide, the urethra is cut at this point (fig. 3). 

I his division of the urethra is ordinaril y made pro.vimal to the colliculus 
Jcniinnhs. as can he verified by urcthroscopic e.xamination. The adenomatous 
iiodnie.s of the prostate always develop around that portion or the urethra which 
lies between the colliculus and the bladder, and never peripheral to the colliculus. 
Thus the urcfiira is cut dose to the lower pole of the adenoma so that the colliculus 
will always lie distal to it. and will be preserved. This has been proved bv 
urethroscopy, as well ns in cases that have gone to autopsy. 



Fig. 3. — The adenoma has been loosened from the capsule and the former is 
pushed as far as possible toward the bladder. The urethra is severed immediately 
distal to the adenoma. 


Following the division of the urethra at the lower pole of the prostatic adenoma, 
the distal portion of the prostatic urethra with the colliculus seminalis will retract 
anteriorly inside the prostatic capsule, and thereby escape the danger of any tears 
or injury which it might otherwise sustain during the following completion of the 
prostatic adenoma enucleation. The Young retractor is now easily inserted into 
the proximal portion of the urethra which is still surrounded by the prostatic 
adenoma. That portion of the prostate still attached to the floor of the bladder 
and seminal vesicles is now pulled forward into the wound and freed from the 
remaining attachments (fig. 4). In most cases, the adenoma will remain in one 
large mass, and only seldom will it fall apart into two or three nodules. After 
the enucleation of the prostate, a finger may be passed through the opening of 
the bladder which will feel like a ring, and as a rule the sphincter will contract 
down on the finger. It is difficult to preserve the entire intactness of the internal 
sphincter even by perineal prostatectomy when the adenoma has a large middle 
lobe which protrudes markedly into the bladder or has developed entirely inira- 
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vesically. During the enucleation of such a iniclcllc lobe, the internal sphincter is 
usually overstretched or even injured through tearing. However, only seldom is 
it so severely injured as to cause the opening of the neck of the bladder to gape. 

With the index finger within the sphincter of the neck of the bladder as a 
guide, artery forceps are applied ; one above, one below, one to the right and one 
to the left. With these four forceps, the sphincter and neck of the bladder are 
pulled forward into the wound, making it easier to e.xamine the inside of the 
bladder with the index finger. Thus it may be definitely determined during the 
enucleation that no adenomatous nodules, particularly so-called middle lobe nodules, 
have been left at the exit of the bladder. After examining the inside of the bladder, 
it is thoroughly irrigated with physiologic solution of sodium chloride so as to 
prevent the formation of a blood clot which might later plug the retention catheter. 

Following the thorough cleansing of the bladder, the opening is pulled into the 
wound by the four forceps, and the latter are replaced by four catgut sutures. 



4. — Young retractor has been inserted into the bladder through the 
prostatic urethra surrounded by the adenoma, which is now pulled forward and 
removed by severing its remaining attachments with the bladder and seminal 
vesicles. 


These sutures remain untied and are retained in place by clamping with forceps. 
So that the relation of these ligatures with the neck of the bladder may not be 
confused, they are fastened to the sheets, in their four respective quadrants. A 
rnctal catheter is now passed through the anterior urethra and through the opera- 
tive area into the bladder. The catheter causes the distal stump of the urethra, 
which had retracted forward into the capsule after resection, to become clearly 
visible in the operative wound, and it may now easily be sutured to and with the 
opening of the neck of the bladder (fig. 5). 

The metal catheter must be replaced by a no. 20 silk catheter before the liga- 
tures between the neck of the bladder and the stump of the urethra are tied. Fol- 
owmg tie passage of the silk catheter, the ligatures are tied, joining the neck 
o t ie a er and the urethra, while the catheter remains in place. The sutures 
joining the neck of the bladder and the urethral stump are usually sufficient to 
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5. — The disfnl and proximal ends of the urethra are united to carry out 
complete an«atomic reconstruction. 




Fig-. 6. — The edg-es of the prostatic capsule which had been split at the begin 
ning of the operation are brought together and sutured, thus making the rccon 
struction complete. 
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control any bleeding from the edges of the urethra and bladder wounds. Only 
occasionally will additional sutures for hemostasis be necessary. Usually after the 
bladder-urethral sutures are tied, the wound will be entirely dr}'. 

In order completely to reconstruct the anatomic relationships at the neck of 
the bladder, and above all to restore complete function of the muscular bundles 
extending on to the prostatic capsules from the external sphincter, the edges of 
the prostatic capsule which had been split at the beginning of the operation are 
now brought together and sutured (fig. 6). At this point of reconstruction, the 
edges are not always clearly visible in the wound, for during the enucleation of 
the adenoma they may have retracted laterally. They are, however, easily located, 
grasped with a forceps and pulled toward the middle of the wound. This lateral 
retraction of the prostatic capsule indicates the importance of bringing them 
together after the operation. Thus, b}’’ reconstruction of anatomic relationships 
to as nearly normal as possible, a rapid healing is promoted. 

Prior to closing the perineal wound, it should be made certain that the anterior • 
rectal wall has not been injured during the operation. A rectal examination is 
made and the anterior wall is pushed into the wound, so that injury, if it has 
occurred, can best be seen. Should the musculature be thinned in any place or 
the rectal mucosa injured in any way, it must be sutured and reinforced by a layer 
of levator ani muscle. However, where it is clear that the rectum has not been 
injured, such suture in the levator ani muscle is unnecessary. 

Tamponage of the operative wound and drainage of the bladder through the 
perineal wound should not be done. Tamponage or drainage of the bladder 
unnecessarily delays healing of the wound by one to two weeks. To insure good 
drainage of any secretion, all that is necessary is the placing of a small cigaret 
drain into the wound extending down to, but not within, the prostatic capsule. 
The perineal wound should then be rather tightly closed, including skin and subcu- 
taneous tissue, allowing only a small opening for the drain. 

Prostatectomy should be immediately preceded or followed by a bilateral 
vasotomy, which practically always prevents a postoperative epididymitis. To 
undertake this vasotomy sometime before the prostatectomy in order to prevent an 
epididymitis during the preoperative retention catheter stage is disadvantageous. 
To most patients this minor procedure will appear as a major operation and will 
frighten them. Such a psychic strain may harm the debilitated patient almost as 
much as a possible epididymitis. 

POSTOPERATIVE CARE 

The perineal drain is removed three days after the operation, and the drainage 
canal is irrigated daily with hydrogen dioxide through a small catheter. The 

adder is irrigated twice daily through the retention catheter with 1 : 2,000 oxy- 
quinolin sulphate solution during the first three days and later with 1 : 5,000 oxy- 
cyanide solution. 

On the third postoperative day the necessary measures to insure a bowel move- 
ment are gi\en. From the fourth postoperative day on, the patient is allowed up 
daily for from two to three hours. 

1 retention catheter is left in place until the perineal wound is entirely 
c osc , V. iici usually takes from two to three weeks. A change of the retention 
ca le er is usua \ unnecessary during this time ; however, should it be necessary, 
j ^^rried out with the help of a mandarin. It is not unusual for the 
^'oun to remain entirely dry until the complete closure. There may be 
t!i.. P^''*r>cal wound, and it is most frequently observed between 

an weiti postoperative days. Signs of inflammation in the perineal 



.sY ih'~rfj:i V/:. if. pRmr.iTECTO.uy 


781 


'votiiKl /lardly ever occur. c\cn in r.iv.>5 in which the bladder had been infected 
I>rcoj)cml)vcIy. Shmih! inthmwnd.m occur, it c.in easily be controlled by the appli- 
cation of warm .••nlicylate coinprci-c'. 

COM ME.VT 

Jvapid healing and pennanmt reconstruction of the bladder function 
is obtained by (bis inetlmd. In the majority of cases the operative 
wound clo.'^cs witliin two weeks. ,ind in only the very exceptional case 
does closure (akc more (ban three weeks. The bladder control is prac- 
tically always intact. FoIIrjwing the remo^■al of the retention catheter, a 
few patients when coughing or sneezing have temporary' postoperative 
weakness of tiie sphincter muscle. Almost without exception, these 
symptoms of incontinence disappear after a few daj’s. It may be 
stated without fear of contradiction that with this method of perineal 
prostatectoni}' one need never fear permanent postoperative incontinence. 

The "W'ildbola method also excludes many disadvantages of other 
methods of perineal prostatectonpv, namely, fistulas and postoperative 
hemorrhage. Perineal fistulas which formerl}" occurred in over 7 per 
cent of the cases of perineal prostatectomj' as shown by the accumulated 
literature of Pousson, no longer occur by this method of perineal 
prostatectomy. The perineal wound closes quickly. The occurrence 
of urinary fistulas is frequently' mentioned in the literature as a fairly 
common sequela of perineal prostatectomy'. This can be explained only 
by' the fact that frequently a perineal drain is left extending all the way 
into the bladder. 

With the Wildbolz method this complication is prevented by com- 
pletely anastomosing the bladder ndth the urethra and placing the 
perineal drain to, but not into, the prostatic capsule. Experience has 
shown that M'ith this technic the danger of a recto-urethral fistula is 
relatively' small, even though its occurrence is not impossible with any 
method of prostatectomy'. 

An open incision into the rectum when exposing the prostate can 
definitely be prevented. However, the danger of tearing the rectum 
by careless handling of the perineal rvound retractors is to be con- 
stantly held in mind. In order to prevent this, only very light traction 
should be applied to the retractor which pulls the rectum away from the 
operative field. Pressure against the rectum with the tip of the retractor 
.must be particularly' avoided, and the assistants must be instructed 
always to hold the retractor with its full flat surface against the rectal 
wall. Even if an open tear into the rectal wall is avoided during the 
course of the operation, a rectal fistula may de\'elop. IMost of these 
patients suffer from arteriosclerosis, so that too great exposure of the 
anterior rectal wall may so disturb its blood supply that secondary 
necrosis of the wall may occur. However, it is rather improbable that 
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such a necrosis will occur without any operative injury, particularly 
where there is no pressure of the perineal drain. Such a secondary 
necrosis of the rectal wall, according to my experience, is always a 
result of operative injury of the rectal musculature. As previously 
stated, the rectal wall should be carefully examined at the termination 
of the operation, and if injury is found, it is to be properly repaired. 

The dangers of perineal prostatectom)^ which were previously so 
greatly feared, namely, urinary incontinence, fistulas and postoperative 
hemorrhage, are almost entirely eliminated by this method. Owing to 
these experiences, perineal prostatectomy may be more commonly 
utilized, because in many respects this method offers certain superior 
advantages over the suprapubic method, the foremost one being that 
it causes much less operative shock. It is true that the operative shock 
of suprapubic prostatectomy has been greatly decreased through the 
use of the two-stage operation ; nevertheless, it is still greater than in 
perineal prostatectomy. This can be seen bj' observing the patient 
immediately after operation. The patient who has undergone perineal 
prostatectomy is not especially ill following the procedure, whereas the 
patient operated on by the suprapubic route is quite indisposed for a 
number of days thereafter. Laboratory findings also confirm this. 
Whereas with the suprapubic method the patient shows a high nonpro- 
tein nitrogen for a long time postoperatively, with the perineal method 
the nonprotein nitrogen is reduced to normal within from four to five 
days. 

The lesser shock of the perineal prostatectomy makes it possible to 
perform a one-stage operation on patients who are quite weak and 
those who have disturbed kidney function. By the suprapubic method, 
such patients must be operated on in two stages often several weeks 
apart. This division of the operation into two stages has quite a dis- 
tressing effect on the patient. The first stage of the procedure, the 
simple cystostomy, appears to him as major, and as dangerous an 
operation as the second stage in which the complete enucleation of the 
gland is performed. The necessity of undergoing two operatir'^e pro- 
cedures frequently frightens the patient away from all operative inter- 
vention in his disease, or, as I have frequently experienced, drives him 
to a surgeon who will perform the perineal prostatectomy in one stage. 

Perineal prostatectomy offers the additional advantage that the 
wound heals under more comfortable circumstances. The perineal 
wound is relatively painless and does not disturb the patient in any 
respect during respiration and expectoration. A suprapubic wound, 
under the best conditions, renders each cough and even each breath pain- 
ful. The patient, therefore, usually breathes very superficially, and 
ma\ retain detrimental secretions, w'hich makes him more liable to post- 
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opcnitivi' pulmonary complicautniv (iian in perineal cases. Also, the 
perineal wouik] drains much lietter. evhich accounts for the fact that 
tlierc are less wound compiicatiuns or septic symptoms than in the 
-''Uprainil)ic method. The immediate postoperative mortalitj' is as small 
or iKThaps e\-en smaller. Tlic perineal prostatectomy restores the 
anatomic relationshijis more normally than does the suprapubic method, 
tor by .sewinit the uretliral stumi) to the neck of the bladder, union 
l>etweeu the blaflder and the urethra is almost normally reconstructed. 

/ he latter fact may I)e jirovcd later I)y a urethroscopic examination. 
when the colliculus seminalis may be seen, and the smooth transition 
trout the uretiira into the bladder obsera-ed. .Also, bv means of this 
perineal method in which the urethral stump is sewed to the bladder, the 
large pouch formed by the empty prostatic bed, which always remains 
after sttjtrapubic method, is largely avoided, and the cause for postopera- 
tive formation of calculus and infection is prevented. Strictures of the 
neck of the bladder, which so frequently occur following suprapubic 
prostatectomy, are never experienced with this perineal method of 
prostatectomy. 

Should it be discovered during tlie operation that the prostate is 
carcinomatous, it will be possible without anj' great extension of the 
wound to excise the carcinomatous tissue so thoroughly that in 30 per 
cent of these patients a permanent cure has been obtained. In this 
respect the perineal prostatectomy is vastly superior to the suprapubic 
method. 

All of these undeniable advantages of perineal prostatectomy lead 
me, in spite of the improvements attained in recent years in the supra- 
pubic method, to recommend perineal prostatectom}- as the method of 
choice in prostatic h 3 ^pertrophy, I use the suprapubic method only 
in those cases in which there is an unusual narrowness of the pelvic 
outlet, i. e., when the distance between the ischial tuberosities is less 
than two fingerbreadths, so that an insufficient view of the structures 
would be obtained by the perineal method, and in cases in which in 
addition to prostatic h^'pertrophj^ there is a bladder condition such as a 
diverticulum or tumor which alone avouM demand a suprapubic incision 
into the bladder. 

The fear of postoperatiA-e disturbance of sexual potency should no 
longer prevent one from performing the perineal operation, even in 
younger patients. Increasing experience strengthens me in the impres- 
sion that this particular technic of perineal prostatectomy does not dis- 
turb the sexual ability any more than does the suprapubic prostatectomy. 

It has heretofore been frequentlv conceded by mam' surgeons that 
the reason they did not adopt perineal prostatectomy as a routine pro- 
cedure AA-as their aA-ersion to its technical difficulties. This timidity 
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is really unjustified, as will quickly be recognized by those who will 
decide to perform the operation a number of times. They will quickly 
come to the conclusion that no great technical dexterity is necessary for 
its performance, merely a thorough knorvledge of the anatomy of the 
perineum. 

SUMMARY 

1. The Wildbolz method in comparison with other perineal methods 
of prostatectom}^ is presented. 

2. The method emphasizes the importance of both urethral 
sphincters and considers the urethral musculature as a single func- 
tional unit. 

3. The incision in the prostatic capsule is placed as far as possible 
toward the bladder. 

(a) It preserves the sphincters. 

(h) Incontinence is eliminated, 

(c) The nerves approaching the prostate gland are left mainly 
undisturbed. 

(d) The patient’s potency is usually not disturbed. 

(c) Fistulas almost never occur. 

4. Complete anatomic reconstruction of the prostatic region and 
urethra is carried out. 

5. The operation is clearly visualized from beginning to end, thus; 
(a) Exact hemostasis is possible. 

(&) It is unlikely that a small piece of adenoma will be left behind. 

6. The advantages of routine vasotomy to avoid epididymitis are 
discussed. 

7. Postoperative treatment is outlined. 
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Obstruction of the lumen by blood clotting at the suture line is the 
chief hazard to the physiologic function of a blood vessel the ends of 
which have been joined by a circular suture. That this is the greatest 
risk in repair of a blood vessel is emphasized by many observers. 
Horsley, 1 Smith, " McNealy and Buchanan •* agreed that thromboses 
occur after many arterial sutures. 

With the Carrel technic in skilled hands, according to Sofoteroff,-' 
thrombosis occurs in a large percentage of cases. Moszkowicz ® feared 
the circular suture because of thrombosis. A review ~ of the papers on 
vascular surgery written h}^ important German surgeons and published 
during the World War reveals that the occurrence of early or pro- 
gressive thrombosis after operations on arteries is frequent. It is a 
fair estimate in the opinion of that reviewer that in half of the cases in 
which a suture is made a viable artery is retained. 

Before the World War, Matas ® collected from the literature records 
of forty-nine circular sutures which had been performed in civilian 
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liospitals and under conditions of peace. An analysis of the postopera- 
tive evidence revealed that 13.1 per cent had been followed by gangrene. 
Of the tliirt3'-seven patients who recovered, in no less than thirt3'-three 
(S 7.6 per cent) tlie anastomosis had proved functionally valueless or 
superfluous if judged by tlie behavior of the peripheral pulses. In 
addition to the liability to occlusive thrombosis in the line of suture, 
which admittedly occurs in the absence of all infection, as a result solely 
of the trauma, Matas included the possibility of secondar3- hemorrhage 
from infection, panarteritis and the possibility of recurrence by yield- 
ing of the suture line as fallacies of direct arterial suture. In his 
opinion these failures are not overcome by the undoubted surgical suc- 
cesses of the German surgeons during the World M'ar. 

It cannot be questioned, in the .opinion of La Roque,” that skilful 
suture is often followed b3^ thrombosis, and he added that disappoint- 
ment is apt to follow the expectation to secure information necessar3' 
to the solution of the problems from a stud3" of clinical case reports in 
the literature. Carrel found that failure is often due to the forma- 
tion of a thrombus, but this is due to surgical causes,^^ and with the 
proper technic positive results can be secured. 

Secondary hemorrhage as a sequel to arterial anastomoses is infre- 
quent. In a stud3' of twenty-nine instances of arterial suture reported 
in the literature, Buchanan * found no mention of hemorrhage. 
Aneur3'sm was not observed in this series, and Reid noted that 
aneur3^sms do not develop in interposed venous grafts on arteries. 
Smith,” as well as Matas,* stated that aneur3'sm is a rare sequel to the 
suture of arteries. Stenosis of the sutured segment may occur from 
either the contraction of cicatricial tissue or from the organization of a 
thrombus. Cicatricial stenosis develops graduall3^ Bier and most 
of the German surgeons frankl3' admit the uncertainty of the ultimate 
fate of the sutured vessel. The3^ contend that even if the lumen at the 
suture line is ultimately obliterated, the gradual obstruction gives plenty 
of time for the establishment of ample collateral circulation. 
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EXPERIMENTAL STUDIES 


In these studies experiments were made to secure information aiiout 
the technical causes of {.ailures to preserve the jrhysioloijic function of 
arteries joined by circular suture. Intermittently over a period of many 
months, arteries and veins of dogs were severed and the ends joined 
in various conditions of control. After the repair the results were 
studied within from a few hours to many months by c.xamination post 
mortem or at reoperation. 

Sej'ies of Circular Sutures of Suficrficial Vessels . — In seven strong, 
medium to large-sized dogs twcnt 3 --three end-to-end anastomoses of 
superficial arteries and veins were made. Each animal was given 1 
grain (0.066 Gm.) of morphine sulphate subcutaneously, and anesthesia 
was produced bj"^ sodium iso-amjdcthjdbarbiturate, given intravenously. 
Through wide exposure the vessels were brought up, the branches or 
tributaries ligated and the flow of blood interrupted by serrefines, the 
blades of which were covered by gauze. The vessels were cut by a 
sharp knife, and the tunica adventitia was removed. The intimal sur- 
faces were cleansed of blood and kept moist b}' frequent washings with 
physiologic solution of sodium chloride in 100 cc. of which 1 dg. of 
hepariti had been dissolved. 


solution of heparin used in all our e.xj^eriments appro.xiinates 
the ideal for an anticoagulant. It has been used clincallv in blood 

saTt^r'^A »»dicates that it may be employed with 

solution rptn' 7 ^ thennostabile substance, heparin in 

months. During this perfod . j om clottin^ after 

to 15 oounds (GR T- \ ^"'^iected on four occasions 

autoclave HpL' ' pressure for twenty minutes in the 

r;;Xo “ t 

ing prothrombin into thLnbin Howir”' """7^ 

thromboplastic substances of ini. ^7! the effect of the 

lets is to neutralize the antinrotV, injured blood plate- 

tissue, when injured 

thromboplastic substances The ^ kidneys are rich m 

cially rich in these “coagulms^’» 'w 

of the tissues and blood tbrLi , ' the joint action 

sum of their individual actions ° greater than the 

• The heparin solution neutralizes the 


C. J. I Prscticsl TT c 
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16. Wells. H. G.: Chemical Pu ‘ 

Company, 1925, p. 350. athology, ed. 5, Philadelphia, W. B. Saunders 
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Ihromboplastic substances coming from the injured wall of the blood 
vessel. Its disadvantage is that it may not be available in emergencj^ 
vascular repair. 

The Carrel triangular suture technic was used, with the finest silk 
and human hair in number 16 straight needles sterilized and kept in 
h(|uid j)ctrolatum. Care was used to keep each line on a tension while 
suturing to prevent narrowing at the suture line. The serrefines were 
removed promptly when the suture was completed. No secondary sutures 

Table 1. — Series of Circular Siif tires of Superficial Vessels* 


Animal 

N'umbcr Vessels Joined by -Anastomosis 

4 Suture of left common carotid 

7 Proximal right to distal ieft carotid.. 

• 7 Previous anastomosis resected; ends 
rejoined 

7: Anastomosis resected; ends rejoined.. 

5 Right femoral cut; ends rejoined 

S Proximal right carotid to distal left 

external jugular vein 

S§ Proximal left carotid to distal right 
carotid 

9 Suture of right common carotid 

9t Anastomosis resected; ends rejoined.. 
10 Suture of right common carotid 

10 Suture of right external jugular vein 

10 Suture of left external jugular vein..' 

10 Anastomosis right extemai jugular 
vein resected; resutured 
10 Cross-anastomosis of carotids 

10 Resection of cross-anastomosis; ends 

rejoined 

11 Proximal right carotid to pro.ximal 

left external jugular vein 
11 Proximal left carotid to distal right 
carotid 

11 Carotid suture removed; ends rejoined 

12 Jugular vein transpianted to right 

carotid 

12 left carotid cut; ends rejoined 

I2t Eight iliac vein transplanted to right 
iliac artery 


Date of 
Opera- 

Date of 
Exami- 

Time 


tion 

nation 

Days 

Findings 

S/IO/SO 

7/31/30 

t 

S/15/30 

15 

No thrombosis or 

S/13/30 

11/ 2/30 

70 

stenosis 

No thrombosis or 

11/ 2/30 

1/31/31 

00 

stenosis 

No thrombosis or 

S/17/S0 

10/ 5/30 

40 

stenosis 

Complete stenosis 

S/17/30 

10/ 5/30 

40 

Complete stenosis 

S/17/30 

10/ 5 SO 

49 

Complete stenosis 

8/13/30 

9/ 7/30 

23 

No thrombosis or 

9/ 7/30 

12/29/30 

ns 

stenosis 

Compiete stenos’s 

S/10/30 

9/ 7/30 

2S 

No thrombosis or 

8/10/30 

9/ 7/30 

2S 

stenosis 

No thrombosis or 

9/ 7/30 

11/ 2/30 

36 

stenosis 

No thrombosis or 

9/ 7/30 

11/ 2/30 

5C 

stenosis 

No thrombosis or 

9/ 7/30 

11/ 2iS0 

56 

stenosis 

No thrombosis or 

11/ 2/30 

. 


stenosis 

No further exami- 

8/17/30 

11/ 2-30 

77 

nation 

Complete stenosis 

S/17/30 

11/ 2/30 

T7 

Complete stenosis 

11/ 2/30 

1/31/31 

00 

Complete stenosis 

10/ 5/30 

11/ 2/30 

25 

Complete stenosis 

10/ 3,'30 

11/ 2/.30 

IIS 

Complete stenosis 

10/ 5/30 

U/ 2/30 

2S 

Complete steno'is 


♦ Sodium iso-amylethylbarbiturate anesthesia mas used intravenously throughout. Stenosis 
■was observed in S2.6 per cent of the circular sutures of this series, 
t This animal mas lost. No further examination was made, 
i Ordered killed because of epidemic of rabies. No further examination made. 

§ This animal died on Oct. 20, 1930. For two days preceding death there was spastic 
paralysis. On broad surfaces made by sectioning the hardened brain, there were no gro'« 
areas of local necrosis. 


Avere made. After several minutes’ observ'ation to see that no throm- 
bosis occurred, the sheath of the A^essel ivas closed, and when con- 
A^enient, Auable muscle AA^as tucked snugly about the A'essel. 

Examinations of these A-essels AA-ere made from fifteen to one hun- 
dred and thirteen days after operation. Complete stenosis Avas observed 
in 52.6 per cent of the A-essels examined (table 1). Stenosis in thc.se 
instances ma}- haA-e folloAA-ed thrombosis. That this occurred in animal 
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8 is improbable. Both common carotid arteries supplying the brain 
were stenosed after forty-nine days. Necrosis of tlic Imain would have 
followed sudden obstruction by clotting. This did not occur, however, 
for the animal lived normally until after the segments were removed. 
On broad surfaces made by sectioning the hardened brain removed at 
autopsy, no areas of necrosis were seen. In four other instances, for 
from 2 to 5 cm. on either side of the stenosed suture line, there was 
freshly clotted blood in the lumen, indicating that complete occlusion 
had preceded the examination by only a short time. 

While proof is lacking, we conclude from our observations that 
stenosis in these small vessels is often due to the contraction of the 
dense fibrous capsule or callus that forms outside the vessel at the 
suture line and extends from 5 to 10 mm. in either direction along its 
wall. This is not of practical interest, for in clinical surgery vessels of 
this size would never be sutured. 

Series of Circular Sutures of Deep Vessels . — (A) End-to-End 
Anastomoses of the Aorta ; The abdominal part of the aorta in medium 
to large-sized dogs is more nearly the size of vessels usually sutured 
in man. With the blood circulating through them, their maximum 
diameter varies from 8 to 11 mm. In fifty-one animals the aorta was 
exposed through a longitudinal ventral incision, its branches were 
ligated for 2 cm., and the flow of blood was interrupted by two strips 
of tape 5 mm. wide passed completely around it, the ends of the tape 
being held by small pile clamps. In fifty animals the aorta was severed, 
and the ends were rejoined. In one (animal 27), the central end of 
the aorta was united to the distal end of the inferior vena cava 
(table 2). 

The aorta was cut by a sharp knife 1 cm. proximal to the origin of 
the inferior mesenteric artery. The ends of the tunica adventitia were 
grasped by Graefe plain fixation forceps and as much removed as could 
be pulled past the ends of the vessel. The blood was carefully washed 
out, and the intimal surfaces were kept moist with heparin solution. 
Except as mentioned, all oozing of blood was stopj^ed before proceeding 
with the suture. In two instances, the Bier-Moure two-point suspension 
technic'” was used; in all others, the Carrel prismatic suture was 
employed. Number 00 chromicized catgut on a curved swedged needle 
uas used for ten sutures; for the remainder, black waxed A silk on 
Carrel curved blood vessel needles. Prepared in phenolized beeswax 
after the manner devised by Moses Gunn and described by McArthur,'^ 
the silk is smooth and solid like silkworm gut, is stronger than before 
wa.xing and is much more easily handled in deep wounds. 

of Waxed Silk, Surg., Gynec. & Obst. 16; 
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In our -work we made this departure from the original Carrel technic ; 
To form the posterior point of tlie triangle we placed two traction 
sutures through the edges of the vessel and closeh- together in the back- 
wall. The ends of one were brought out to the right, tlie ends of the 
other, to the left, of the vessel. Time is saved when working in a deep 
wound b}' not having to pass the traction suture beliind the vessel. 
Moreover, the artery- need not be freed from its collateral vessels for so 
great a distance. Thus, the collateral circulation is better preserved. 
The importance of this is stressed by Bier, Matas - and Makins, for if 
gradual thrombosis or stenosis should occur, the uninjured collaterals 
might assume the function of tlie obstructed vessel. 

The ends of the arter}- are apposed by tj'ing tlie retaining stitches. 
An end of one of the posterior retention sutures is threaded into the 
needle, and a side of the triangle is sutured. Instead of ri-ing the stitch 
to the traction thread at each corner as suggested by Bemheim,^'’ we 
discovered that a lock stitch is much better. The last stitch of the line, 
taken 1 mm. from tlie traction suture, is the lock stitch. This prevents 
the line of suture from loosening or from being drawn too taut by 
subsequent pulling. M’hen the second posterior traction suture is 
reached, the continuous suture is tied to one of its ends. The suture 
line is tlien carefully inspected ; accesson- sutures are taken if needed, 
and the flow of blood is reestablished. The distal tape is removed 
first, and the proximal as quick!}' as possible. Bleeding will occur, but 
a sponge pressed tightly will control it. A thin strip of muscle held 
closely to the suture line, as suggested by Bird.-® hastens clotting in 
the needle holes. MTen the bleeding stops, the ends of tlie tunica 
adventitia are brought over the suture line by interrupted stitches, the 
vessel sheath closed and the edges of the peritoneum apposed. 

In this study we are interested chiefly in thrombosis complicating 
the circular suture of the blood vessels. Before proceeding further, 
some of the etiologic factors of thrombosis will be considered. Aschoff 
reminded us that there is not a single cause but a number of different 
conditions which are closely interrelated in the occurrence of thrombosis : 

1. The factor of trauma. Traumatic injur}' to the intirna is an 
important element, but ilcLean -- has shown that endothelial damage 
per se is not a cause of thrombosis. He crushed the veins of dogs and 
repeated the procedure in fortv'-eight hours. }'et was unable to produce 

19. Bernheim. B. M. : Surgerj' of the Vascular System, Philadelphia. T. B. 
Lippincott Company, 1913. 

20. Bird, C. E. ; .Anastomosis of A'eins, Surg-., Gynec. & Obst. 42:423. I92'3. 

21. .Aschoff, L. : Lectures on Pathologj', New York. Paul B. Hocber. Inc.. 1924. 

22. McLean. -Angus: Thrombosis and Embolism. Surg.. Cyrcc. Oh't. 2t): 

457, 1915. 
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thrombosis at the site of repeated crushing. Murphy observed that 
arteries penetrated by bullets rarely become occluded by blood clots. 

2. The element of stasis and slowing of the blood stream. Stasis of 
the blood stream of itself does not produce thrombosis. This has been 
shown by the famous living test tube experiments of Hunter and 
Durante,^* Glenard and others. Blood in a segment of artery or vein 
between two sterile ligatures remains fluid for hours, days and weeks. 
Welch, in his classic monograph on thrombosis,'^ expressed the opinion 
that slowing of the blood stream is not a sufficient cause, but is impor- 
tant when combined with other factors such as trauma and infection. 
In certain experiments in extracorporeal thrombus formation performed 
on rabbits, Rowntree and Shionoya ~® found that the conditions tending 
to retard the circulation hastened the progress of clotting. Conversel 3 % 
when circulator}'’ stimuli such as thyroxine and ephedrine were injected 
into the animals, the circulation was maintained longer than normal. 

3. The factoi of infection. Infection may play a role in throm- 
bosis. The experiments of McLean -- are instructive. After crushing 
the wall of a vein he introduced a twenty-four hour bouillon culture of 
Staphylococcus aureus into the vein and again crushed it to work the 
organisms into its walls. No thrombi wei'e found at the site of the 
injury. Sterile threads were suspended in the veins, and no clots 
formed on them. When threads infected by soaking in cultures of 

bacteria were suspended in the veins, clots formed and occluded their 
lumens. 


. Changes within the blood. Lee and Vincent,-' by experiments, 
s owed that the coagulation time depends on the number of blood plate- 
lets present. Welch === observed that the platelets are increased in 
chlorosis of which thrombosis is a well recognized complication. Hueck - 
no e a mar ed mcrease in the platelet count up to about the thirteenth 
ri ^ depending on its severity. Dawbarn and his asso- 

^ ^ similar results. They found that the number of plate- 

Enfto^nTsutie,^M. Rel"5r:73°\897.^''"^' Continuity; 

InfaLS" In’tor^rs.’ 13°67,"TS Embolism and 

SystL'IftLSne^'New^^o^rk^ ? ^ 

E^ertlntd sLaco^^^ 

meets to Thrombosis 
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lets begins to rise on the sixth day, reaches a maximum about the tenth 
day after operation and persists for a further four or five days, normal 
figures being reached in about three weeks. Gage,-^ who reviewed the 
literature on blood platelets, concluded that the platelet count in the cir- 
culating blood reaches its highest about the time of the appearance of 
clinical thrombosis. Tissue fibrinogen, given subcutaneously or b}- 
mouth, also alters the blood so as to shorten the clotting time.-“ 

In all of these experiments the element of injur}- was present. In 
thirty-three, sodium iso-amylethylbarbiturate was given intravenously 
for anesthesia. When used intravenously in clinical surgery, obsen-ers 
find a reduction in the blood pressure. In one series,^^ the systolic pres- 
sure was reduced an average of 46 mm. of mercur}-; the diastolic, 23 
mm. No measure of the blood pressure in these animals was made, 
but a profound anesthesia was maintained, in many, until death of the 
animal occurred. Nineteen were killed and examined within fort}-- 
eight hours. In ten of these thrombosis was found ; in eight, the 
thrombus obstructed the lumen. Early in our studies we found that 
thrombosis could be predicted definitely because of slight oozing of 
blood from a collateral not properly ligated, ^^'’e have denoted these 
as anticipated thrombi. Six of the occlusiA-e thrombi were anticipated, 
leaving two instances of unexplained occlusi^'e thrombi occurring with 
this anesthetic. Ether anesthesia was used eighteen times. Thrombi 
were found four times; an obliterating clot was found once, and its 
occurrence was predicted. Of this series of fifty-one animals, five were 
not examined because of e.xtensive postmortem changes. 

In sixteen animals from 2 to 6 cc. of fibrogen. a purified tissue 
fibrinogen, prepared and furnished^ by the \\'illiam S. ilerrell Company, 
was given intramuscularly one hour before operation. No determina- 
tions of the clotting time were made. In each instance a quick clotting 
reaction of the blood was noted. This tissue fibrinogen was used in 
seven animals having sodium iso-amylethylbarbiturate anesthesia and in 
nine having ether anesthesia. One of tiie sixteen animals was not 
examined. Occlusive thrombosis occurred once with each anesthetic, 
and in both the clotting was anticipated. 

Infection was the cause of death in seven animals. In two of tliese 
it was induced. For one (animal 71). from a twenty-four hour bouillon 
culture of Staphylococcus aureus, sufficient was taken to fill the segment 

29. Mills, C. A. ; Do Blood Platelets, Plasma and Tissues Yield ThromI);n. or 
Tissue Fibrinogen? Am. J. Phj-siol. 95:1, 1930; Considerations of the Problem of 
Blood Clotting. Am. J. M. Sc. 172:301, 1926. 

30. Sise, L. F. : Intravenous Sodium Isoamyletby] Barbiturate vitli Spina! 
Anesthesia, Am. J. Surg. 9:65, 1930. 

31. Ranson. B. B., Jr., and McLcIlan. G. A.: Induction .Anesthesia by Sodium 
Amytal. Am. J. Surg. 9:60. 1930. 
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of aorta and to bathe the suture Hue during the | 

e.a„,i„ed^,y L„eb•^^vl.;.= those 

an intermediary place. In another animal (numbei /3), a small gauze 
snontre infected with floor dirt was placed outside the suture line ncx 
to the aorta. A violent peritonitis occurred in five others. At autopsy, 
from two to thirteen days after operation, no endovasal thrombi >^\crc 
found in any of the animals. Four of these animals had received sodium 

iso-anwdethylbarbiturate anesthesia. 

Of the twenty-four animals having sutures of the deep vessels, 
including the venous transplants, examined or living after one month 
in only one (number 13) was an aneurysm observed (4.1 per cent) anc 
in another (number 10), stenosis (4.1 per cent). Chromicized catgut 
Avas the suture, and, when absorbed, the suture line relaxed, producing 
a small saccular aneurysm 8 mm. in diameter. In clinical surgep 
would not use chromicized catgut. When the eleven sutuiec ^ytl 
chromicized catgut were examined, obstructing thrombi were found m 
two. Each of these was anticipated because of blood oozing from the 


ends of the aorta. 

Stenosis (number 10) was produced by the organization of a slowly 
forming obliterative thrombus. The protocol for this animal folovs. 

Animal 10.— On June 20, 1931, the aorta was cut, and the ends were joined 
by number 00 chromicized catgut. There was a good femoral pulse on the following 
day. On June 29, the animal was active, but the femoral pulses were weak. Un 
July 3 and 23, no femoral pulse could be felt. On May 7, 1932, there were strong 
femoral pulses. The abdomen was opened and the aorta exposed. A segm^t ot 
the aorta 4 cm. long was removed, 2 cm. of which was a fibrous cord. ^ lere 
was a good collateral circulation. A piec» of the right external jugular vein vas 
transplanted to fill the gap. 


(B) Transplantation of Venous Segments to the Aorta; Segments 
of veins were grafted to the abdominal aorta in twenty-nine dogs. In 
six the site of a previous anastomosis was removed. But for one ethei 
anesthesia was used throughout. The tissue fibrinogen, fibrogen, was 
given to five. The triangular suture of black waxed A silk was used. 
Great care was taken to evert the edges of the veins. To best secure 
eversion, we placed the retaining stitches as “mattress-on-edge” sutures. 
The tissue “coagulins” were neutralized and the intimal surfaces cleansed 
and moistened by the solution of heparin. Intravascular clotting is 
more favored by conditions found in venous grafting. On examination 
post mortem, thrombi were found in fourteen of the twenty-seven ani- 
mals; two of the animals are living. In five segments the lumen was 
completely obstructed. Three of the five clots were anticipated (table 2). 

32. Loch, Leo : The Influence of Certain Bacteria on the Coagulation of Blood, 
T. M. Bcsearch 10:407, 1903. 



Table 2, — Series of Circular Sutures of Deep Vessels 
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Eddying Currents of von Recklinghausen. — This was observed in the 
following experiment. 

Animal 61.— On Dec. 5, 1931, the abdominal part of the aorta was severed, 

1 cm. was removed, and 1.5 cm. of the inferior vena cava was grafted into the gap. 
The animal died from peritonitis on December 9. At autopsy, the suture lines of 
the vessels were intact. Molded to the shape and size of the graft and tightly 
attached to each line of suture was a firm cylindric clot with a lumen 5 mm. in 
diameter. 

Another instance parallel to this was found (animal 4). Although 
not in itself sufficient to cause thrombosis, von Recklinghausen attached 
more importance to the whirling or eddying motion than to mere slow- 
ness of the circulation. Eddies are produced when blood enters normal 
or pathologic, dilated channels from small ones. The external jugular 
vein has a diameter about equal to that of the aorta. No cylindric 
thrombi were found within those pieces (in all, twenty-three) of exter- 
nal jugular vein grafted to the aorta. To avoid the eddying currents, 
a vein smaller than that accompanying the injured artery should be used 
for grafts. 

The Deliberate Removal of Obstructing Tapes. — This was carried 
out on the following animal : 

Animal 10. — On May 27, 1932, the obstructed fibrous segment of the aorta, 
sutured with number 00 chromicized catgut on June 20, 1931, was removed, and, 
a piece of the right external jugular vein was transplanted to its place. When the 
suturing was completed, the distal obstructing tape was released. Oozing from 
the suture line occurred for sixty seconds before the proximal tape was removed. 
The femoral pulse was weak when the abdomen was closed. At postmortem 
examination twenty-four hours later, there was a firm clot completely filling the 
segment of vein. This is illustrative of similar other observations. 

Following a venous graft on the aorta, the lines of the completed 
suture are carefully inspected and complementary stitches taken if 
needed. An immediate release of the full pulsating current is made. 
According to Howell’s hypothesis, clotting does not occur when the 
flow is rapid, for ample antiprothrombin is carried to neutralize the 
coagulins” where liberated. Eberth and Schimmelbusch found that 
under normal conditions the platelets circulate with red corpuscles in 
the axial blood current, but make their appearance in the outer still 
zone, which is from eight to twenty times slower when the rapidity of 
the circulation is sufficiently diminished. Each thrombus starts as a 
white thrombus, and its building stones are the blood platelets. The 
adhesive surfaces of the intima injured at the suture line inflict dam- 

u3. ^on Recklinghausen: Handbuch der allgemeinen Pathologie des Kreislaufs 
und der Ernahrung. Stuttgart, 1893; cited by Welch.^s 

3-t. Eberth, C. }., and Schimmelbusch, C. : Die Thrombose nach Versuchen und 
Leicncnhcfunden, Stuttgart, Ferdinand Enke, 1888; cited by Welch.^s 
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ages on the platelets. The forceful pulsating current in the artery- 
prevents adhesions of the platelets or the accumulation of formed ele- 
ments at the site of injury. Hence, ever}* effort should be made to 
restore the forceful current before the nidus of a clot is formed by 
stagnant blood. Welch noted that a clot itself is a foreign body and 
may lead to a further extension of a thrombus. Thrombi seem to have 
certain self-propagating powers. 

Effects of the Vah'cs . — \'alves in two of the grafts on the aorta 
were responsible for clots partly obstructing the flow of blood. In one. 
placed so as to retard the current, a clot was attached to the proximal 
suture line, half filled the lumen and extended to a cusp of tlie valve. 
In the other, turned so tliat the blood current kept the valves open, 
mural thrombi formed behind each cusp. Grafted segments should 
be implanted so that their valves are kept open by the current of blood ; 
that is to say, the central end in the venous system should become the 
distal end in the arterial circuit. 

Injury to the Intima. — Shagg}', scalelike mural thrombi, from 5 to 
7 mm. in diameter, were found in three grafts. None was obstructive. 
About one-fourth the intima in one piece of vein was covered by these 
flat plaques of blood clot. Gentleness in handling the vein is impera- 
tive. Forceful sponging during its exposure is to be avoided. The 
intima is kept moist at all times. The influence of the smooth non- 
adhesive endothelium is of first importance in maintaining fluidity of 
the blood. Endothelial cells altered by injury may act as foreign sub- 
stances and induce small mural thrombi to form. 

Infection . — The follouang experiment was carried out: 

Aximal 30. — On Alay 4, 1932, under ether anesthesia, 2 cm. oi the right 
external jugular vein was grafted on the aorta. One end of a thread dipped in a 
twentj'-four hour bouillon culture of Bacillus coli was suspended in tlie vein. The 
abdomen was closed, and in twentj'-four hours the animal was killed. .S pear- 
shaped clot with the thread in its center filled the vessel. There was no attach- 
ment to either line of anastomosis. 

This experiment confirms the findings of ^IcLean.-- 

In another animal (number 55), after completing the suture, fluid 
from a twenty-four hour broth culture of Bacillus coli was held in the 
repaired vessel for two minutes. After forty-eight hours, the animal 
was killed. There were no clots. 

COMJIEXT 

Of the causes generalh' recognized in the etiolog}' oi thrombosis, 
trauma is a constant factor in repair of the vessels. .-Mteration in the 
rate of flow of the blood current plays a more important role than 
is usuallv considered. Occlusive thrombosis can be predicted with grc.at 
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ciccuracy when blood sluggishly oozes from the teiminuls of the acsscI. 
Heparin solution, unless applied constantly, is powerless to prevent it. 
Similarly, blood sluggishly flowing from a gradual release of the circula- 
tion will in a few seconds congeal enough to vitiate the repair. Ihcrc 
is a natural reluctance of the operating surgeon to establishing the 
full flow of blood until he sees what happens at the line of suture. 
This reluctance should be overcome. Watson and Makins suggested 
placing a rubber drainage tube between the tape and the artery to pro- 
tect the artery from injury by the tape. This has another commendable 
feature. The rubber tube serves as a guide for the scissors so that 
the tape can be cut quickly, at once releasing the full flow of blood. A 
rapid return of the pulsating current prevents damage to the formed 
elements and dilutes or neutralizes the thromboplastic substances of 
the tissues. Grafts should be the diameter of the repaired artery 
and constricted suture lines avoided in order to prevent eddying currents. 

In our studies it does not appear that clotting is appreciabl}' influenced 
by any changes in the rate of flow resulting from profound anesthesia 
with sodium iso-aniylethylbarbiturate. It is our opinion that the nidus 
of most thrombi forms in the short interval between the time blood 
enters and the time of the establishment of the free forceful flow 
through the repaired vessel. Gradual obliterative thrombosis probably 
results from the self-propagation of this original nidus. 

The role accorded infection in thrombosis complicating vascular sur- 
gery has been overemphasized. No clotting occurred even when the ves- 
sels were inoculated with pure cultures. Infections in other parts of the 
body, viz., a virulent peritonitis and infections of the areolar tissues 
of the abdominal wall, produced no intravascular clots. The strictest 
asepsis should be practiced, for an infected suture line leads to necrosis 
and hemorrhage, which are more serious than thrombosis. That suture 
should be attempted in the presence of infection of a wound is ques- 
tionable, but instances are reported by German surgeons with a successful 
outcome. 

I here is no evidence from our studies that changes within the blood 
cnlianced clotting in the least. Eflforts were not made to measure 
the changes in the numbers of platelets after operation. According to the 
observations of Dawbarn and his associates,-® there was increase in 
the platelets on the sixth day. Assuming that the platelet count rose in 
the same way in the animals of our series, this had no influence on the 
clotting. Obstructive thrombosis did not occur in thirty-five of thirty- 
sewn animals that lived seventy-two hours or longer (two remain alive). 
While tissue fibrinogen (table 3), given to a small number, noticeably 
quickened clotting, it did not influence the intravascular clotting. 


•‘'3. Watson and ^takins, cited by ^fatas." 
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Segments removed from animals 29, 30 and 55, seven and one-half, 
seven and one-half and six months, respectively, after operation, were 
hardened and sectioned. Sections stained according to Weigert’s method 
were studied. There is no evidence that the elastic elements of tlie 
tunica media are being substituted for the fibrous scar tissue. Likewise, 
Xeff and Reid found that there is only a fibrous union. 

Carrel ” obsen-ed that the vein transplanted on an arterj- reacts 
against the increase of blood pressure by thickening of its walls. Veins 
follow the law of adaptation of an organ to function and can fill the 
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Segments into .Aorta (3 Instances) 


* Used intramascularly in amounts of from 2 to 6 cc.; no increase in thrombi formation 
resulted from the use of fibrogen. The use of flbrogen combined ivith sodium iso-amvlethyi- 
barbiturate anesthesia caused no Increase in thrombi formation. 


role of arteries when necessary-. Matas noted that veins have great 
tolerance for trauma, while Reid stated that veins adapt themselves 
much more readily to mechanical disturbances than do arteries. Exam- 
ined after from four to eight weeks, there was no stretching of the 
wall of the veins implanted on the arteries in animals 64, 6S and 72. 
Moreover, their walls were thick, with fibrous tissue proliferation from 
the sheath of the vessel. A'eins subjected to the increased blood pressure 
that is usual in arteries should be observed for from eight to ten years. 
Tile surgical literature contains no record of such observations. Placed 
in their natural habitat on the farm, animals 70 and 76 will be observed, 
it is hoped, for a few years. 

36. Xeff. J. M. : Blood Vessel Suture. Surjr.. Gyncc. iS: Oh^t. 33:657, 1921. 

37. ^^atas. Rudolph: The Suture in the .Surgery of the Va-cul.sr Sy-Icrr;, Tr. 

.■\. .Alahatua, 1905. p. 2-45. 
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CONCLUSIONS 

1. Surgical trauma and retardation or distortion of the blood current 
are the chief contributing factors to the thrombosis that occurs where 
blood vessels are sutured. 

2. Infection plays a minor role as a cause of blood clotting at the 
suture line. Careful asepsis is essential to preclude breaking clown of 
the suture line. 

3. An obstructing thrombus, when it occurs, usually forms within 
a few hours after vascular repair. It is secondary usually to platelets 
deposited before the full flow of blood is released. 

4. The increase in blood platelets docs not reach its maximum until 
a few days after operation, usually too late to influence thrombosis 
in the segment of repair. 

5. Heparin solution fulfils the requirements of a satisfactory anti- 
coagulant in suture of the blood vessels. 

6. A method of suturing is described which requires the ligation 
of a minimum of the collateral circulation. 

902 Hume Mansur Building. 

Indianapolis City Hospital, 



STAIXrXG OF CARTILAGE 


aKO?S ST.MSISG nv IXTRA-AKTrCCXAR IXJECTIOX OF D\XS 

i.v Axi:,rALs 

-MICirAEL S. BURMAX, .M.D. 
a;;d 

CHARLES J. SUTRO, .M.D. 

:rE\v Yoy.K 

\\ e have been able to bud oniv two articles on tJie sross staining of 
cartilage in addition to tfiose already reviewed.’ A modification of the 
Ltindwall method by iVIoreira da Rocha - referred to the staining- of 
cartilage ])y metiiylene blue (metlu'lthionine diloride. U. S. P.). toluidine 
bine, methyl violet, methyl green and safranin. Staining of joint cartilage 
was referred to only by implication; staining in the closed j'oint was not 
discussed. The author concluded that "no matter the stain used, its 
clectivit}' for staining and its stability are in direct ratio not only to 
the maturity of amorphous ground substance of cartilage but also to its 
quantity.” Thus it is found that adult In-aline cartilage will stain better 
and more strongly than embryonal cartilage of any tvpe or adult 
cartilage of elastic or fibrous tj'pe. Da Rocha stated tliat this method 
of studt'ing cartilage is better than desiccation or maceration. This study 
is, of course, of fundamental collateral interest. Crowe’ inj'ected 
isamine blue intravenoush', and on killing the animal (rabbit) tivo days 
later noted a selective staining of diseased areas in the cartilage in 
streptococcic arthritis (experimentally produced). iMarrovr v.-as also 
stained. In the specimens shown us by Dr. Crowe, there were definite 
staining of marrow and uniform staining of joint cartilage, but no 
definite!}’ diseased areas in cartilage were seen. The stained cartilage 
was a light, clear blue. 

METHOD 

In this study we have further noted the action of dyes on joint 
cartilage, with special reference to selectiGt}* of staining of diseased 
areas in cartilage. In general our experimental course has been this: 

From the Laborator}- Dmsion, Hospital for Joint Diseases. 

1. Burman, M. S. : The Selective Staining- of Diseased Areas in Cartilage by 
the Intra-Articular Injection of Dyes, with Special Reference to Arthroscopy; 

An Experimental Cadaver Stud 3 ’, Arch. Surg. 26:153 (Jan.) 1933. 

2. Moreira da Rocha, J. : Staining of Adult Cartilage by Lundwall’s ifethod. 
Anat Rec. 13:447, 1917. 

3. Crowe, H. W. : Streptococcal Lesions in Rabbit Demonstrated by Intra- 
Vital Staining, Tr. if. Soc., London 53:94, 1930; personal communication. 
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In one group of animals (rabbits and guinea-pigs), the dye chosen was injected 
into the knee joint under amytal anesthesia (70 mg. per kilogram of body weight 
injected intraperitoneally) . Occasionally it was necessary to support the amytal 
with ether. The joints into which injections had been made were examined cither 
immediately or from two to nine days later, to determine the fate of the dye and 
the gross reaction of the joint to the dj-e. In most cases, the abdomen was opened 
and the retroperitoneal region exposed to the action of filtered ultraviolet radiation 
(Wood’s light) to see if there was any absorption of the dye by the lumbar lymph 
nodes.'^ In no case were we able to demonstrate dj^e in the glands. In a second 
group of animals (rabbits only), the cartilage was traumatized by injuring the 
cartilage and synovia of the knee joint by the insertion of a, large bore needle into 
the closed joint. It is not difficult to localize the point of the needle, and one can 
easily feel what structures are being injured. It is necessary to use force to create 
a defect in cartilage, always a bit more force than one thinks is required. This 
method is simpler than, and as sure as, the more time-consuming method of open 
operation (Key^). At a varying interval after the operation, injections of the dye 
chosen were made into the knee joint. The joint was then opened at once. 

Choice of Dyes. — It is obvious that the use of alcoholic dye solutions intra- 
articularly is contraindicated ; hence all the dyes used were dissolved in water. The 
relation between the pa of the dye and that of the joint fluid and the resultant 
staining was not studied. In fact, it is very difficult to obtain even a drop of 
synovial fluid from these small joints for examination. The joint is simply moist, 
and there is no accumulation of fluid. The amount of dye injected was usually not 
more than 2 cc., 0.5 or 1 cc. often being enough to distend the joint. One should 
make the injection with the needle in the quadriceps bursa, the needle being held 
parallel to the bursa. It is sometimes difficult to enter the joint, but easy flow 
and withdrawal of dye indicate that the joint is being distended. The distention 
of the^ quadriceps bursa may at times also be felt. Occasionally a little of the 
d 3 ’e will appear subcutaneously, owing possibly to the sharp bevel of the needle. 
One should guard against fascial and intermuscular injection of the dye. 

Both acid and basic dyes were used. Dyes were selected from the most impor- 
tant groups^ of dyes, the chromophore grouping, which is here outlined (after 
Conn®), being used. 

Dyes Grouped by Chromophores 

1. Nitro dyes 

2. Azo dyes 

3. Oxyquinone dyes 

4. Quinone imide dyes 

(o) indamins 

(b) thiazins 

(c) oxazins 

(d) azins, which include 

(1) amido-azins 

(2) safranins 
(3) indulins 

T ‘ .3' E. H. . The Macrophage in Absorption from the Synovial Cav- 

>ty J Bone & Jomt Surg. 13 : 127, 1931. Kuhns, J. : Lymphatic Drainage of Knee 
and Ankle Joints, J. Bone & Joint Surg. 11:412, 1929. 

r '?• /' Arthritis : The Changes in Joints Produced by 

■atmg Defects in the Articular Cartilage, J. Bone & Joint Surg. 13:725, 1931. 

fi„. n . l^^'^sjcal Stains: A Handbook on the Nature and Uses of 

nn ?tnn<hr ^’°’°g’cal Laboratory, ed. 2, Geneva, N. Y., Commission 

''■n Standardization oi Biol.ogic Stains. 1929. 
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rj;t'ny!;tic!li.Ttic dyes 
( <7 ) (/t-itlirnyliDcfliniies 

( A I f7’(-.-miiii(i-/; i'-j)!ic!iyIin<.tii.Tn<,v 
( r I '''7-n!iiiii<)-/ri'-plienj linrlliai’cs 
( 1 / 1 liydro\y-,'ri'-plien\ l!7ictii.'inp<; 

XniuIitiK' tlvL"-, iiichidin:; 

( i7 ) pyrniniis 

( /■ ) rlifidaiiiiiics 

(r) fliiorniie derivatives 

(1/) plieiiolphilialeiiis ami sulphonplulialeins 

Trytinti hhic i? an acid .17.0 dye. Of llic oxvQuinone group, alizarin, which is 
almost iiisniuhic in water, was used, purpurin not being available. Of the thiazin 
.subyroup of the larger quinnne iniidc group, methylene blue was used. Toluidine 
blue was nf)t employed in this series of experiments, having previously been noted 
as a dye which stains cartilage uniiortnly. Of the amido-azin subgroup, neutral 
red was used ; it had previously been indicated as a possible selective dye. Of the 
safranins, safranin O was used. .lanus green is an azo dye, as well as an azin, 
and is related to safranin. Gentian violet and aniline blue represented the tri- 
amino-tri-phenyl methanes. Isaminc blue (also called pyrrhol blue, Ehrlich) is a 
sulphonated tri-befa-naphthyl-pararosanilin. and hence belongs in this group. The 
fluoranes were represented by cosin and mcrcurochrome. Alum carmine, a cochineal 
derivative, was the only natural dye used. Lithium carmine was not used. 

The nitro d.vcs. as picric acid, were not tested. Of the azo dyes, Bismarck 
brown and sudan III had previously been used and shown to be quite ineffectual 
in staining cartilage. The other dye groups were not used, because the dyes within 
the groups were :iot available. The phenolphthaleins and sulphonphthaleins are indi- 
cators and hence were not used. The effect of litmus was noted previously. 

« 

RESULTS 

Effect of Dyes on Moniial Joints. — Six knee joints of three guinea- 
pigs were studied. A 1 per cent solution of isamine blue was injected 
into two knees; one was examined at once, and one three days later. 

A 0,5 per cent solution of gentian violet was injected into one knee; 
the joint was examined at once. A 1 per cent solution of mercurochrome 
was used in three knees ; in one case, the knee was examined at once ; 
in the other cases, one and two days after injection, respectivel 3 L 

The stains dyed cartilage uniform^ and superficially over a wide 
area. The stains were not washed awa}' on rinsing. All other structures 
in the joint, such as synovia and menisci, were also stained, though pos- 
sibly less uniformly. Some of the intra-articular structures, such as the 
crucial ligaments, stained with difficult}’. Three of the joints were 
examined immediately after injection, and three from two to three da 3 ’s 
later. The intensit}" of staining had become less, and the uniformity of 
staining more patchy, which indicated either absorption of tlie d 3 ’e or 
wearing away by movement of the joint. No reaction to these dyes 
was noted, either in cartilage or in synovia; no exudate was 
present. In two cases, the d 3 'e did not enter the joint cavity- proper 
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but was in the muscle and fascia. It should ])e noted that mercuro- 
chrome-220 soluble, which is closely akin to eosin, did stain cartilage 
uniformly. This point will he discussed again. 

The dyes chosen were also injected into six knee joints of three 
rabbits. A 1 per cent solution of isamine blue was used in one knee ; the 
joint was examined one week later. A 1 per cent solution of mercuro- 
chrome was used in one case; this joint was examined one week later. 
A 1 per cent solution of gentian violet was injected into two joints; the 
knee joints were examined three and nine days later, respectively. A 1 
per cent solution of methylene blue was injected into two knee joints. 
Examination was made three and nine days later, respectively. 

No attempt was made to change the strength of solution previously 
used. All these dyes stained normal, healthy cartilage. It was noted 
that the intensity of staining diminished as the dye remained in the 
joint longer, the dye being distributed unevenly. In the case of 
gentian violet, it was iroted that the posterior part of the femoral 
condyles was still well stained three days after injection, but that the 
posterior compartment of the knee showed a bluish granular . debris, a 
possible evidence of synovial irritation. In a joint into which injec- 
tion of methylene blue had been made an accidental suppurative arth- 
ritis developed, confined to the anterior aspect of the joint. There was 
no suppuration in the posterior compartments, and the dye was still 
present over the posterior part of the femoral condyles. Synovia and 
other intra-articular structures stained well, especially with gentian 
violet. 

It is thus seen that the immediate effect of these dyes is a uniform, 
superficial staining of cartilage and synovia, without pailicular irrita- 
tion. All parts of joint cartilage do not stain equally well, those more 
accessible to the dye staining better. Thus the tibial condylar cartilage 
usually did not stain well. As time passed, and even as early as the 
second or third day after injection, there was a gradual disappearance 
of the dye from the joint, so that no dye or possibly only patchy areas 
of dye-stained cartilage were present. All the dyes used, in the par- 
ticular concentrations noted, stained cartilage uniformly, and there was 
no selectivity of staining. 

Effect of Dyes on 'Experimentally Traumatized Joints . — Into 
eighteen knee joints of nine rabbits various dyes were injected as 
tabulated (table), the joints having been traumatized experimentally 
as previously described. At varying intervals after the initial trauma, 
the dye chosen was injected into the joints. The joints were opened at 
once to determine the effect of the dye, with particular reference to 
selectivity of staining. 

It is not necessary to go into any detailed gross and microscopic 
e.xamination of these traumatized joints. The work agrees in general 
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u'i'li ihr ic-tihs i)y ]vi'\ . \\ ln-tlicr tlie alterations within the 

j'>int ]i:i”iiu-e<i hy tiaiiina can Oe .'tncllv called arthritis is an important 
]">!n!. c-j ( cialiy iP'm t!u‘ ^tandp'iint jircvionsly enunciated that natural 
arihrilic crosii'n-' ^tain sclectivii;. . I'Mially. synovial hypertrophy and 
synovia! adlu >ions were [)rc<ent ; in '■onie cases, the synovial adhesions 
were sri maria (i tiiat it was not po-silile to inject the dye into the joint. 

1 he areas of damage oriyinaliy mfiictcd Iiy the needle either were 
superficial or readied (n the hone marrow. Many of the lesions, 
esjiecialiy tlie more recent ones, were covered with fibrin. There was no 
tendency toward rejiair of tliese traumatic defects in cartilage or toward 
enlaruemenl (.if these areas. In some cases, as noted by Ke}-, there was 
a tremendous r.nergrowth of one or both condyles of the femur, so 

Durc.licr. of Trnuiiuitic CImuor in Kr.cc Folloicing Injection of Dye into 
Traumatized and Normal Joints 


Uyr I’rr C. iit Dny? 

I.'oslri •Oej'i CO 

O.K 2S 

n O', 31 

• 0 . 0 ,-. 

0.1 31 

0.1 3.3 

0.3 Ci 

n 40 

2 .-it once 

Jlercurochroinc 0.03 35 

I.'amlne blue... 1 IS 


Dye L'?ed Per Cent Days 

Trypan blue. . . 0.2 25 

0.5 S5 

Neutral red — 0.1 33 

2 .it once 

Janus green.... 0.2 39 

Safranin 0 1 45 

Alum carmine.. 1 45 

-Alizarin Saturated solution. . 41 

.Aniline blue O.1 41 


* Injections were made into the normal hip joints. 


that laterally" or medially" they projected as large, irregular, bony masses. 
This condition was present only" in the severer cases. In many cases 
there was an irregular, linear, osteophy"tic overgrowth of the ridges 
bordering the upper part of the intercondy"Ioid fossa. In a few cases, 
defects in the tibial condy"lar cartilage AA'ere present, though more often 
a tear in the semilunar cartilage Avas noted. In only" one case Avas a 
pedicled cartilaginous foreign body" present. This is in accord Avitli the 
experience of Moulonguet,' Avho noted that traumatic, experimentally- 
detached, cartilaginous bodies Avere resorbed, unless pedicled. 

The circumstances, then, are possibly" not faA"orabIe for a selectiA-e 
staining of cartilage, as previously described in areas of natural arthritic 
erosion in cadaA"ers. Fresh fractures in cartilage surely" do not stain 
selectively". In no case, and Avith no dye used, Avas there a selective 
staining of these artificial areas of cartilaginous defect. In a fcAv cases 
is Avas not possible to inject the dy'e into the joint, but in all joints in 

7. Moulonguet, P. ; Foreign Bodies in Joints, J. Bone & Joint Surg. 11:353, 
1929. 
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which the dye was present, uniform staining of cartilage resulted, 
depending on the strength of the solution of dye used. In this respect, 
the behavior of eosin and mercurochrome is interesting. Two things 
were noted previously about eosin: (a) it did not stain normal cartilage 
and (b) it was a selective stain for naturally diseased areas in cartilage, 
especially erosions (in cadavers). Eosin and mercurochrome are con- 
sidered together because of their intimate relation to each other. Both, be 
it noted, stain normal cartilage in solutions that are above 0.05 per 
cent ; at that level or below, cartilage is not stained, but synovia is. Our 
dilutions previously used were not so accurate. This is true of other 
dyes, the intensity of staining depending on the strength of the solu- 
tion of the dye. Neither eosin nor mercurochrome, however, showed 
any selectivity for artificial!}'' traumatized areas in cartilage, as pro- 
duced here. This, of course, does not mean that eosin does not stain 
selectively; we have seen it do so. It only means that under certain 
conditions, and our exiDerience is as yet too limited to define those con- 
ditions, eosin does stain selectively. This demands more extensive 
investigation. 

Neutral red, previously .indicated as possibly selective in action, 
stained cartilage uniformly in strengths above 0.1 per cent; there was 
no selectivity. Alum carmine stained uniformly. Trypan blue, as noted 
by Menkin,® is fixed by inflammatory areas, when injected directly into 
them or intravenously; it is not fixed when injected at the periphery of 
such an area of inflammation. When injected intra-articularly, it stained 
uniformly and not selectively. This type of injection, then, possibly 
corresponds to a peripheral injection. 

It should be noted that areas of erosion took up the dye, but no 
more so than did normal cartilage. No immediate reaction of the 
joints to dyes was noted. No metachromasia was present, except 
possibly in the case of Janus green, in which the color gamut of the 
stained cartilage ran from violet to blue. 


SUMMARY 

The injection of various dyes into normal joints and into joints 
experimentally traumatized produces an immediate, unifonn, superficial 
staining of the cartilage of the joint. The artificially diseased areas in 
cartilage do not take up the stain selectively. No ill effect in the joints 
from the injection of dye in solutions of the strengths used was noted. 

If the d\e is permitted to remain in the joint, it is absorbed, usually 
within a week. 


Inflammation in Relation to Immunity, Arch, 
ni ’ Studies on Inflammation: VI. Fixation of Trypan 

blue m Inflamed Areas of Frogs. J. Exper. Med. 53:179, 1931. 
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CO.VGEXITAL .ABXORM.ALITIES 

Ainiiioiic Origin of Deformities of the Limbs . — Hellner ^ studied a 
series of congenital malformations and amputations. He concluded 
that tvhile amniotic bands could have been the cause of some of the 
deformities, defects in the mesenchymal tissue had to be considered as 
a cause in others. .Absence of limbs could be produced experimentallv 
by intra-uterine ligation of the limbs of embrA’os. To accomplish this 
it was found necessary- to interrupt the circulation completely. Frac- 
tures in utero healed much as in extra-uterine life. While fibrous union 
of fractures was obserr-ed in a few instances, its frequency did not 
seem unusual to the obserA-ers. 

Congenital Paramyotonia . — Urechia and his co-workers - reported 
a case of paramyotonia. This disease was characterized by rigid con- 
tractures of one or more limbs excited b\- temperature changes or otlrer 

This report of progress is based on a review of 179 articles selected from 265 
titles dealing with orthopedic surgerv' appearing in the various medical Journals 
approximately between iSTov. 26, 1932, and March 20, 1933. Only the publica- 
tions which seemed to represent progress have been selected for review. 

1. Hellner, Hans: .Arch. f. klin. Chir. 172:133, 1932. 

2. Urechia, C. I. : Retezeanu, .A., and Dragomir, L-. : Bull, et mem. Soc. 
med. d. hop. de Paris 48:1430, 1932. 
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stimuli. These contractures lasted from a few minutes to several hours 
and were followed by a flaccid paralysis lasting several hours. There 
was no true tetany. The patient was a girl of 15 whose grandmother 
had suffered from the same disease for twenty years. The girl had 
been normal until 4 years of age, since which time she had developed 
very slowly. She complained of painful cramps in both upper and lower 
limbs, lasting from one-half to two hours, followed by a feeling of 
weakness in the affected limb. There were no reflex or sensory changes 
present. Blood calcium was determined during and between attacks 
and was found to be 6 mg. per hundred cubic centimeters. Accordingly, 
parathyroid extract was administered daily for a week. The cramps 
persisted but were not so severe, and the blood calcium rose to 7.5 mg. 
per hundred cubic centimeters. After another week the blood calcium 
reached normal, and the cramps disappeared. Islo treatment was then 
given for ten days, at the end of which time the blood calcium had 
fallen to 7 mg. per hundred cubic centimeters, and the cramps returned. 
Treatment was therefore kept up at regular intervals. Coincidentally 
with this treatment, the patient grew very rapidly, put on weight and 
began to menstruate. The authors also reported the case of another 
patient in whose family paramyotonia had been present for four genera- 
tions. 

The Hip Joint from a Roentgenologic Standpoint . — Morrison ® made 
a complete study of the development, from birth, of the epiphyses con- 
cerned in the formation of the component parts of the hip joint. Of 
greatest significance was his description of the airterior, superior and 
posterosuperior epiphyses of the acetabulum. He pointed out that the 
Y cartilage between the iliac, pubic and ischial portions of the acetabulum 
was a genetic center and grew in such a manner that it controlled the 
final width of the acetabulum. On the other hand, the superior three 
acetabular epiphyses controlled the depth of the acetabulum. The latter 
epiphyses appeared at about 12 years of age and fused with the acetabu- 
lum l)ctween the sixteenth and eighteenth years. Failure of fusion of 
these epiphyses resulted in the frequently seen ossicles in this area. 
Failure of development or absence of these superior acetabular epiphyses 
were held to be the etiologic factor in congenital dislocation of the hip. 
Following early reduction of congenital dislocation of the hip, if these 
epiphyses were absent, the acetabulum failed to deepen and redislocation 
occurred. 

[Ed. Notf.. The sUidies of Morrison afford an interesting contrast 
to the views of Caiot, who believes that a subluxation of the femoral 
head is the cause of the shallow acetabulum. Evidence may be adduced 
for botii views.] 

•t. yforricnii. L. !>.; .-\ni. J. RoentRcnol. 28:484, 1932. 
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I'l.-- M'iM'.A N'( I < IN ^^I;TAKOLIS^I 

My!:rs::t\;: !\:ch,is.-~\\v\vr /u Jforstc,' in experimental work with 
lat'-. iniuni th.it a marked iiicrea~e in the magnesium of the diet pro- 
(li:c( d rnda iv ni the sa.mc ]>aih'>iogic picture as tliat produced with diets 
I"’"!' in calcjutn. wlien ri diet low in plios])hate was used. He reviewed 
tile iitcraluiv in wliicli it was n|.-.cr\ed tliat there was an increase in 
the ni:i”msiuni cniitent nf iidiie m rickets and in osteomalacia. The 
author expressed the iielief that the magnesium hindered the process of 
calcilication in hone. 


.\ (-re 7 Uir AVi7.',7.\-. — MIoom ' reported that the addition of 

secondary calcium phnsplmte to the diet of children could prevent and 
cure rickets without the aifl of vitamin D. 

[Kn. XoTi:. — This ahstract is given hccause it represents a radical 
departure front previous hvjtotheses concerning the etiology' of rickets. 
-A need of suhstantiation of the author’s findings seems indicated.] 

Chauat's in Eoiir mid Photoidostcrol Toxicosis. — Gottche and Kell- 
ner '• .studied the osseous changes in rats in intoxication due to viosterol. 
Osseous changes were observed in 19 of 106 rats which were given 
large doses of viosterol. In only 7 were the changes demonstrable by' 
roentgenograms. The authors found that the osseous system was 
involved late, the order of frequency of involvement in this series being 
kidneys, aorta, stomach, lungs, muscles, glands of internal secretion 
and lastly hones. The bones showed gradually increasing atrophy. 
Alicroscopic examination showed the porosis of the cortex and trabeculae 
seen in the roentgenogram. There was narrowing of the epiphy'seal 
cartilage bone. Porosis of the bone plus osteoid formation was the 
outstanding change. A summary of the literature was given. 

Osteomalacia. — Wilson ' investigated the treatment of osteomalacia 
(late rickets) by' the daily administration of 1 drachm (3.75 cc.) of 
precipitated tricalcium phosphate. It was found that if the patients 
were able to walk about or u'ork in the sunlight, healing took place in 
six weeks. If they' were crippled and could only sit in the sunlight, 
there was no improvement. If they were kept indoors and deprived 
of both sunlight and adequate diet, whether they were crippled or could 
rvalk, almost no healing took place until vitamin D was given. It was 
suggested that muscular and circulatory activity in addition to sunlight 
could bring about an action similar to that of vitamin D. 


4. Meyer zu Horste, G. : Klin, Wchnschr. 11:1796, 1932. 

5. Bloom, C. South. M. J. 25:1109, 1932 

6. Gottche, O.. and Kellner, B. : Arch. f. Kinderh. 97:76, 1932. 

7. Wilson, D. C. : Indian J. if. Research 20:387. 1932. 
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Treatment of Osteomalacia with Viosterol: Decourt and Kaplan® 
believed that osteomalacia was not recognized as a rule until the bony 
changes and symptoms were so pronounced that the diagnosis was 
obvious. Early cases in which there were no symptoms and in which 
bony changes were not evident were manifested in a general physical 
asthenia without the cause being suspected. The disease could exist in 
a quiescent or abortive state. The good results following the use of 
viosterol in rickets led the authors to try it in cases of osteomalacia. 
They claimed no priority for this treatment but quoted from other 
authors who had tried the drug with success. The writers concluded 
that although osteomalacia responded well to viosterol, the disease 
could not be regarded as a simple avitaminosis. The need of vitamin D 
was thought to be associated with an endocrine disturbance of some sort. 

Osseous Dystrophy FoUozmig Icterus Gravis Neonatorum. — Braid 
described a case of a child who had icterus gravis neonatorum for several 
months, and who, between the second and third years, was found to 
have cystic conditions in the long bones. These abnormalities were 
limited to the diaphyses, and presented the same roentgenographic 
appearances under various forms of treatment during the subsequent 
years. Similar appearances had been noted in the long bones of puppies 
which had had their bile ducts occluded experimentally. Braid sug- 
gested that the explanation did not lie in the fact that the fat and 
calcium were less readily absorbed from the intestine in the absence 
of bile, but rather in that the retention of bile had impaired the func- 
tional capacitj'' of the liver. He considered that possibl}^ the liver is 
responsible for the distribution of vitamins A and D, which are so 
important in normal ossification. 

NEOPLASMS 

Hemangioma of a Vertebra . — Ireland reported a case of hemangi- 
oma of a vertebra and gave summaries of 13 cases previously reported 
in the literature. He noted that 393 cases of hemangioma of a vertebra 
had been discovered at necropsy and had not given clinical symptoms. 

In all, the symptoms were insidious in onset, and were chiefly weakness, 
ataxia and spasticity. Pain was not an outstanding symptom. There 
was usuall}' tenderness over the involved vertebra. The lesion was 
usually confined to a single vertebra, and the disk was not involved. 
The lower thoracic or lumbar vertebrae were usually affected. The 
diagnosis was made chiefly by roentgenogram. Differential diagnosis 

8, Decourt, }., and Kaplan, S. : Paris med. 2:485. 1932, 

9. Braid, F. : Arch. Dis. Childhood 7:313, 1932. 

10. Ireland. J. : J, Roentgenol. 28:372, 1932. 
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w.T^ ‘l u ritnu iit «>i ilu- Iiciiiriiii^ionKis Ii.'iti Cf)ii<islc(I of 

r<'i n!L:< n ilni.ij'V •'! ilu- laltcr was jircfcrrod by 

tin- aiiiho; . 

, jj.i/ir'oa.’.'oa.c s tiir Sl'i'h'lti! Musch's. — ’J'wij liinulrcc! 

aod rii5y-.''ix rr]'n;t( (l ca'-i x ..f ani^ioiiiatmi'- tumors of the skeletal 

mti^eie ware leviewni by JiMiknis and Delaney.” and d2 of tbeni were 
sinnniarirt d iti talml.ar furm. .'^tieb tninor.- were fnnnd to occur in the 
lirst iialf of life and n^nally before 20 year> of a"e. 'I'be etiology was 
not e>tablivhed. The ti^nal sNinptoni'- were a slowly yrowiii" mass in 
the mn'-ele li^^iu- accompanied bv a varying amonnt of pain, tenderness 
and fnnetiona! disabilitv. The tnnior occnrrefl most frecjnently in the 
extremities. es]'.ecially the tbi"b>. It was found to be difl'iise more often 
than circnmscribed. ( tiu-rative removal was therefore extremely san- 
t:nineons and sometime< seriously so. Diagnosis was seldom made 
before o]>eration. I'indines pointini: to a correct diagnosis were the 
recovery of blcKid bv asin'ration and the presence of phlcbolitbs on roent- 
Kt‘n examination. Microscopically, the tumors were found to have a 
cavernous strncinrc filled witii normal blood. Arteries, veins and capil- 
laries were frecinently present. In the stroma of connective tissue 
degenerative fibers of skeletal muscle were encountered, and this degen- 
erative process was usually coinjdete in the center of the tumor. 
Prognosis after surgical removal was found to be good. Xo deaths were 
reported. Incomplete removal of the tumor resulted in recurrence in 
several c.ases. 

Malignant Giant Cell Tumor of Bone . — Methods of ditterentiating 
between benign and malignant giant cell tumors of bone were discussed 
by King,*- and a report of a case of the malignant variety was given in 
detail. The typical histologic appearance of the malignant tumor was 
that of a very cellular stroma comprised chiefly of spindle cells with 
active nuclei and occasional mitotic figures. Tumor giant cells might 
not be present. If, however, in such a tissue infection, bone destruction 
or hemorrhagic degeneration occurred, the local picture changed, showing 
foreign giant cells and a pleomorphic stroma, both strong^ suggestive 
of the innocent tumor. It was therefore obvious that if a portion was 
taken for histologic examinations it had to be removed from an area 
where no inflammatory or degenerative process was present. A very 
thorough examination had to be made of several sections, and the most 
valuable criterion of malignancy was taken to be the presence of mitotic 
figures. Roentgenographically, in the malignant variety, involvement 
of the cortex was seen and later a gro\vth into the soft tissues. 


11. Jenkins, H. P., and Delaney, P. A.: Surg., Gj'nec. & Obst. 55:464, 1932. 

12. King, E. S. J. : Brit. J. Surg. 20:269, 1932. 
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had a metastatic tumor only in one vertebral bo,dy. In carcinoma of 
the cervix and ovar}^, metastatic tumors in bone were observed only in 
about 2 per cent of the cases. Osseous metastases were rare in carcinoma 
of the stomach and in melano-epithelioma. In abdominal carcinoma, 
metastases were not common. When they occurred, they were usually 
osteoclastic. In carcinoma of the colon, osseous metastases were usually 
found in the spine. Metastatic tumors of any kind observed in the spine 
were usually central in origin. In the vertebral body there was no 
involvement of the disk, evidence of bony proliferation or enlargement 
of the vertebra. 

Bone Metastases from Carcinoma of the Breast. — In a study of 106 
cases of cancer of the breast, Downs found osseous metastases in 
33 per cent. The occurrence given in the literature varied from 5 to 
53 per cent. The bones most frequently involved were the femora, 
pelvis, ribs, lumbar spine and skull, in the order given. The average 
time between the recognition of the tumor and the discovery of metas- 
tases in bone was four years and eight months. Of 57 patients with 
metastases, visceral as well as osseous, 44 were dead. A study of 
pathologic material did not confirm the statement by Copeland that 
most mammary carcinoma with metastases to bone was scirrhous. 
Scirrhous carcinoma was found in only 33 per cent of the cases with 
metastases to bone. 


POLIOMYELITIS 

■ Drinker Respirator in the After-Cure of Infantile Paralysis. — Legg 
reported his observations on the use of the Drinker respirator in cases 
of infantile paralysis treated by the Harvard Infantile Paralysis Com- 
mission. He used it not only during the acute stage of the disease 
as a life-saving measure, but also later as a passive exerciser of the 
muscles of respiration. Measurements of voluntary expansion of 
the chest taken on a series of patients who received regular daily treat- 
ment in the respiration machine over a period of months showed a 
definite and steady increase from amounts under inch (1.27 cm.) 
up to 2 and 3 inches (5 and 7,6 cm.) of voluntary expansion away from 
the machine. Consequently, the extreme deformities of the chest com- 
monly observed in extensive paralysis were for the most part prevented. 

Drinker Respirator in Respiratory Failure in Poliomyelitis. Wes- 
selhoeft and Smith reviewed 30 cases of respiratory failure following 
infantile paralysis in which the Drinker respirator was used. Thirteen 
of the 30 patients survived owing, in the authors’ opinion, wholly to the 


of Infantile 


19. Downs, E. E. ; I. ^I. Soc. New Jersey 29:957, 1932. 

20. Legg, T. : Use of the Drinker Respirator in After-Care 
Paralysis, J. A. M. A. 100:647 (March 4) 1933. 

21. Wesselhoeft, C., and Smith, E. C; New England J. Med. 207:55^, iJ - 



rfr.KKcTi.nsis 

T itbcrctilnsix of tlu' !u}iti's oiu! Joints in C Itildi'cn . — Ilydc ■ ' reported 
t'lat durin^f the pri^t ten yenrs A per cent of all ai)plicants to Springfield 
Sanitariinn, Oliio, have luid definite tuhercniosis of the bones or 
joints whereas 5 per cent of tlic 1.220 children among the applicants 
"ere so afih’cted. Tliirtv-nine |X‘r cent of tlic cases originated before the 
sixth year, and 57 per cent Ijefore the sixteenth year. Tuberculosis of 
the bones and joints w.as usually the result of metastases from disease 

the lungs or lymjih nofles. The metastases were often blood-bome, 
ttnd multiple lesions involving various organs or tissues might develop. 
An average of 2.6 tuberculosis lesions per patient was found in this 
group. The site of metastasis was favoi'ed by injury and local dis- 
turbances of nutrition. Twenty-seven per cent of adults and children 
g^ve a historj’ of injury. The average duration of the disease in tliis 
series of children, including all types of bone and joint lesions, was 
about five 3'ears. The author felt that this period could have been 
shortened practical!}' one-half had earlier diagnosis been made, adequate 
treatment given and unwise surgical intervention been omitted. Con- 
servative treatment was the method of choice for children : orthopedic 

22. Howitt, B. F.; J. Infect. Dis. 51:565, 1932 

23. Hyde, C. L.; Am. Bev. Tuberc. 26:625, 1932. 
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rest, adequate diet, heliotherapy and open air life^ 'the first two thera- 
peutic procedures being of greatest importance. Surgical measures were 
not to be considered until the disease had become quiescent or arrested. 

[Ed. Note. — This excellent article merits careful reading and con- 
sideration. Emphasis placed on the general care of the tuberculous 
bones or joints to the exclusion of a single method of therapy is the 
only accepted method of treatment. Early operative therapy is often 
followed by disaster.] 

Positive Pressure in Arthrodesis for Tuberculosis of the Knee Joint. 
— Key observed that a certain number of tuberculous knee joints 
failed to obtain bony ankylosis in spite of complete excision and pro- 
longed immobilization. To secure ankylosis more surely, he devised a 
method of maintaining positive pressure between the excised ends of 
bone., A Steinman pin was inserted through the lawer end of the femur 
and another through the upper end of the tibia. The pins were con- 
nected by turnbuckle screws. Immobilization was secured by a plaster 
cast from toes to groin. Constant pressure was maintained by the 
turnbuckle screws. Bony union was usually found in eight weeks. 
Unprotected weight-bearing was permitted in sixteen weeks. 

24. Key, J. A. ; South. M. J. 25:909, 1932. 


(To be continued) 
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SPONTAXIlOUS ki-:xal and ureteral fistulas 

C. C. niGGlXS, M.IX 

AND 

X. FRED HICKEX, M.D. 

CI.KVEI.AND 

Renal and ureteral fistulas are uncommon, and when encountered 
usually are the result either of traumatic injuries or of surgical acci- 
dents. The spontaneous development of such urinary fistulas is so 
rare as to dcmaucl notation. Cases of nephrocolic, nephropcrirenal, 
nephrochvlous, ureterovesicoiieritoneal and urcteroperiurcteral fistulas 
have heen studied at the Cleveland Clinic, all of which were the result 
of advanced pathologic processes which jtermitted the extravasation 
of urine into the adjacent organs and tissues. 

Spontaneous renal and ureteral fistulas are unusual : their etiolog}' 
is interesting, and they present difficult therapeutic problems ; hence 
the following case reports. 

REPORT OF. CASES 

Case 1.— .•K woman, aged 21, was admitted to the Cleveland Clinic in Januarj-, 
1929, because of pain in the left flank. For three years she had had recurrent 
attacks of “blind boils” over the anterior surface of the tibiae. The nodules had 
been sore and painful but had not ulcerated. Each crop had lasted for a period of 
one month, and then had subsided spontaneously. 

Six weeks before coming to the clinic she had noticed pain in the left lumbar 
region radiating down the posterior aspect of the left thigh to the knee. At that 
time, the patient had been hospitalized for one week and had been told that she 
had “kidney disease.”> She complained of nocturia — four or si.x times— with urgency- 
and burning on urination. She said that the urine was always cloudy and some- 
times resembled milk. For two weeks the pain in the left lumbar region had 
become more intense, and the patient walked with a peculiar gait due to the 
inability to extend the left thigh completely. She had profuse night sweats, fever 
and occasional chills. 

The physical examination revealed an asthenic, malnourished woman, apparently- 
suffering from some chronic disease. Examination of the head, chest and heart 
gave essentially- negative findings. The abdomen was sy-mmetrical. Marked ten- 
derness was present over the left costovertebral angle and flank. The muscles of 
the iliolumbar group were spastic and rigid, but extreme tenderness in this region 
precluded palpation of the kidney- or detection of a perirenal mass. The pelvic 
organs were normal. The patient held the left thigh in a semiflexed position, and 
attempts to extend it fully- caused pain in the left lumbar area. There were numer- 
ous small, firm, tender, ery-thematous nodules about 4 to 10 mm. in diameter scat- 
tered over the anterior surface of both tibiae. The temperature was 100 F. ; the 
pulse rate, 126, and the blood pressure, 90 sy-stolic and 58 diastolic. 

From the Cleveland Clinic. 
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The red blood cells numbered 3,580,000; the white blood cells, 19,300, and the 
hemoglobin was 91 per cent. The blood sugar was 73 mg. and the urea 27 mg. 
per hundred cubic centimeters of blood. Serologic studies and repeated blood cul- 
tures gave negative findings. 

Cystoscopic examination revealed a slight subacute cystitis. Both ureters were 
catheterized readily, and urine from the right kidney was normal, while a specimen 
from the left side was loaded with pus and Bacillus coli. All studies failed to 
show the presence of tuberculosis. In the differential renal function test the indigo 
carmine appeared on the right side in a concentrated form in five minutes, but none 
appeared on the left side in fifteen minutes. 

A pyelogram of the left kidney showed a large, irregular, fragmented pelvis 
with extravasation of the pyelographic medium from the lower pole of the kidney 



Fig. 1. — Pyelogram showing a large, irregular, fragmented pelvis with extrava- 
sation of sodium iodide from lower pole of left kidney into the colon, suggesting a 
nephrocolic fistula with coexisting perincphritic abscess. 

into the colon (fig. 1). A diagnosis of a nephrocolic fistula with a coexisting 
perirenal abscess was made. 

The patient was admitted to the hospital that evening, and because of her toxic 
condition she was given a transfusion of 500 cc. of blood. At operation on the 
following morning a large perincphritic abscess surrounding the left kidney was 
found, and 10 ounces of thick, foul-smelling pus escaped, cultures of which con- 
tained Bacillus coli. The kidney was enlarged and boggy. Most of tlie cortc.x 
had been destroyed by an active intrarcnal infection. The patient's condition was 
too critical to permit a primary nephrectomy, so the perirenal abscess was drained. 

Convalescence was uneventful until the ninth day after operation, when the tem- 
perature rose to 102 F. As this febrile reaction continued for eight days, it was 
thought that there might be a circumrenal collection of pus that was not draining. 
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Hcncc, the sinus tract was explored, but no pus was found. It appeared that the 
infection must be confined to the kidney. However, the patient continued to have 
fever, failed to gain in strength and did not improve sufficiently to undergo 
nephrectomy. She was discharged from the hospital, and a high vitamin diet, sun 
baths and absolute rest were advised. Improvement was very slow, and two years 
later she had a recurrence of pain in the left lumbar area, associated with fpvcr, 
chills, pyuria and tenderness over the left kidney. At another hospital, a large 
perincphritic abscess was incised and drained. 

During the next three months the patient improved considerably, and gained 
about 15 pounds (6.8 Kg.) in weight. For the third time she had a recurrence of 
pain over the left kidney associated with the classic signs and symptoms of a peri- 
renal abscess. She was hospitalized, and Dr. Herrick e.xplored the left kidne 3 ^ 
He encountered a large perinephritic abscess which was drained. There was con- 
siderable difficulty in mobilizing the kidnej-, as it was firmly adherent to all peri- 
renal structures. Extending from the renal pelvis to the splenic flexure of the 
colon was a firm band of fibrous tissue, which, on being severed, permitted a small 
amount of gas to escape from the bowel. Careful dissection showed this connective 
tissue strand to be a fistula which opened into both the colon and the renal pelvis. 
The opening into the bowel was closed bj'- an inverted stitch and the kidney was 
removed. 

In spite of the fact that all preoperative examinations had failed to show any 
evidence of acid-fast bacteria, microscopic studies of the kidney demonstrated areas 
of tuberculous ulceration. The patient improved considerably following the 
nephrectomy, but the last report stated that she was having urinary disturbance 
due to tuberculous cystitis and perhaps an involvement of the right kidney. 

This case of nephrocolic fistula was the result of chronic renal 
tuberculosis which is the most common cause of nephro-intestinal 
fistula. In this case the renal tuberculosis had persisted for three years. 

Case 2. — A man, 40 j'ears of age, came to the clinic in December, 1930, com- 
plaining of “kidney trouble.” He said that for the past sixteen years he had suf- 
fered recurrent attacks of severe colic in the left lumbar area, associated with 
fever, chills, pyuria and the passage of stones. Four years previously, the right 
testicle had become swollen, tender and slightly inflamed, and several small cuta- 
neous sinuses had developed from which there had been a continuous purulent 
discharge. During the last four months there had been a constant, dull, aching 
pain in the left lumbar area associated with a sense of soreness and tenderness in 
the left costovertebral angle. He had nocturia about four times, always accom- 
panied by a sense of incomplete evacuation of the bladder, urgency, tenesmus and 
burning on urination. Two weeks before he came to the clinic, swelling had 
appeared in the area of the left kidney, and since then he had been unable to extend 
the left thigh fully, as attempts to do so caused lumbar pains. 

The patient had lost 32 pounds (14.5 Kg.) in weight during the past six 
months, in spite of a good appetite. He denied that he had had any pulmonary, 
cardiac or gastro-intestinal sj^mptoms. 

Physical examination showed an emaciated, asthenic man who walked with a 
peculiar limping gait, because of his inability to extend the left thigh fullj'. Exam- 
ination of the throat, head, lungs and heart gave essentially negative findings. The 
abdomen was symmetrical, the muscles were atonic, and no tenderness or rigidity 
could be elicited. The temperature was 99.5 F. ; the pulse rate was 120. 
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In the left costovertebral angle there was a fluctuant swelling. No definite mass 
could be outlined, but it seemed that a circuinrcnal collection of fluid was present. 
The skin overlying the tumefaction had a dusla' red hue, indicating an inflamma- 
tory condition. No increase in local temperature could be detected. 

The right epididymis was small, firm and indurated. When pressure was 
exerted on it, pus could be expressed from three cutaneous sinuses of the scrotum. 
Palpation of the prostate and seminal vesicles revealed no abnormalit}’, and their 
secretions were normal according to microscopic evidence. 

Laboratory reports were as follows; red blood cells, 4,380,000; white blood 
cells, 8,700, with a normal differential count ; hemoglobin, 80 per cent ; blood sugar, 
70 mg. and urea 21 mg. per hundred cubic centimeters of blood. The Wassermann 
and Kahn reactions were negative in all antigens. The urine was loaded with 



Fig- 2. — Pyelogram showing a nephrocolic fistula ; barium is seen escaping from 
the splenic flexure of the colon and infiltrating the left perinephric region. 

pus cells and contained numerous organisms, cultures of which revealed a mixed 
infection of Bacillus coli and staphylococci. All smears, cultures and anima 
inoculations of the sedimented urine were negative for tubercle bacillus. The rena 
function was good, as indicated by a 70 per cent excretion of the phenolsulphon- 
phthalein dye administered by the intravenous method, and there was a norma 
range of specific gravity and concentrating power as shown by the Mosenthal test- 
Cystoscopic examination of the bladder indicated a slight inflammatory reaction o 
the mucosa but no definite signs of ulceration. In the differential kidney function 
test, the dye appeared from the right ureter, in a concentrated form, in four an 
one-half minutes ; however, no dye was excreted by the left kidney in twenty mm^ 
utes. Attempts were made to pass catheters and bougies up the left ureter, 
an impassable obstruction was encountered about 1 cm. from the vesical ori^ ^c^- 
Roentgenograms showed numerous areas of calcification in the left kidney 'v i 
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suggested tuberculosis. Gastro-intestinal studies indicated that the stomach, 
duodenum and gallbladder were normal. An enema of barium sulphate filled the 
entire colon, and at the splenic fle.xurc tlie barium escaped from the bowel and 
infiltrated the tissue around the left kidney (fig. 2). 

The diagnosis suggested was nephrocoHc fistula associated with perinephritic 
abscess. 

Two days following the admission of the patient to the hospital, the fluctuant 
swelling in the left lumbar area ruptured spontaneously, a moderate amount of pus, 
undigested food particles and feces being discharged. It was hoped that by such 
drainage of the perinephritic abscess the patient’s condition would improve ; how- 
ever, he continued to grow worse. Two days later, a second inflammatory swelling 
above the crest of the ileum in the left flank was incised, and a large quantitj' of 
foul pus was evacuated. Under a general medical regimen the patient improved 
slowly, but the failure of the urinary fistula to close and the persistent malodorous 
discharge, combined with a diseased, nonfunctioning left kidney indicated the neces- 
sity for operative intervention. 

With the patient under spinal anesthesia, the left kidney was exposed, disclosing 
many dense perirenal adhesions. Bj' careful dissection, it was possible to demon- 
strate a fistulous tract extending from the pelvis of the left kidney to the colon. 
The fistulous tract was excised, the opening in the colon was closed by two layers 
of inverted sutures, and nephrectomy was performed. 

While the incision was being closed, the patient suffered acute shock. The 
respirations became rapid and shallow, and the pulse was weak, thready and 
almost imperceptible. The skin was cold and clammy. As an emergency measure, 
500 cc. of whole blood and 300 cc. of 10 per cent solution of dextrose were given 
intravenously. The patient failed to respond to various measures of stimulation, 
and died about ten minutes after the incision had been closed. 

At autopsy, multiple areas of ulceration were found at the splenic flexure of 
the colon and numerous small ulcers surrounded the ostium of the fistula. The 
parenchyma of the kidnej' was studded with multiple abscesses, but no gross or 
microscopic evidence of tuberculosis could be found. Examination of the right 
epididymis revealed a nonspecific inflammatory' reaction. 

Apparently the primary infection was intrarenal and was dissemi- 
nated into the perirenal tissue, thus forming a perinephritic abscess. 
The abscess not only dissected its way into the colon but succeeded 
in forming a cutaneous sinus. Hence this case is typical for cutaneous, 
nephrocolic fistula. 

Case 3. — A man, 29 y'ears of age, a truck driver, entered the Cleveland Clinic 
in February, 1925, complaining of pain over the “left kidney'.” For three 
years, he had suffered from recurring attacks of boils, the last crop having 
appeared about two months previously'. During the last seven weeks he had 
noticed a sharp pain in the left lumbar area, associated with slight fever in the 
afternoon. The urine was cloudy, and the patient had passed several blood clots, 
although he denied that he had had a frank hematuria. There yvas no history of 
frequency or burning on urination, and no chills or passage of urinary' calculi. For 
three weeks he had been confined to bed because of progressive muscular weakness. 
.\ review of the pulmonary, circulatory and gastro-intestinal symptoms gave nega- 
tive findings. The family history was irrelevant. 

Physical examination revealed an asthenic man. His temperature was 100 F., 
the pulse rate, 100, and the respiratory rate, 20. Examination of the heart, lungs 
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and abdomen showed them to be normal grossly. In the left costovertebral angle 
there was a definite sense of tenderness associated with a suggestive muscular rig- 
idity, However, there was no fluctuation and no increase in local temperature, 
and no tumor could be detected by palpation. Neither kidney was palpable. 

Investigations in the laboratory showed that the red blood cells numbered 
3,880,000, the white blood cells, 16,000, and the amount of hemoglobin was 80 per 
cent. The value for blood sugar was 80 mg. and for the urea 36 mg. per hundred 
cubic centimeters of blood. Both ureters were catheterized with ease. A specimen 
of urine from the left ureter was loaded with pus cells and contained numerous 
bacilli, none of which was acid-fast. The urine from the right kidney showed no 
abnormality. Pyelographic studies revealed areas of calcification on the mesial side 



Fig. 3 . — Pyelogram showing a nephroperirenal fistula with an irregular fistulous 
tract leading from the left renal pelvis into the perirenal tissue. 

of the left kidney with an irregular fistulous tract leading from the pelvis of the 
kidney out into the perirenal tissue (fig. 3). Evidently the pyelographic medium 
escaped from the kidney out into a coexisting perinephritic abscess. 

The presence of pyonephrosis with an associated perinephritic infection having 
been demonstrated, it was thought advisable to remove the left kidney. At opera- 
tion a large perirenal abscess was found to surround the left kidney completely 
and to communicate by means of a fistula with the renal pelvis. The kidney was 
enlarged, the corte.x was soft, and numerous abscesses were present. The renal 
pedicle was ligated, the kidney was removed, and the perinephritic abscess was 
drained. A careful microscopic examination failed to reveal any evidence of renal 
tuberculosis, and cultures from the perirenal and kidney abscesses were negatit’c 
for acid-fast bacilli. Convalescence was satisfactory, and the patient was appar- 
ently well at the last report. 
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This case of ncpliroi)enrcnaI fistula apparently represents the 
so-called metastatic kidney infection, the primary focus being probably 
the “cutaneous boils." The existing pyuria was caused by the rupture 
of the iierinejibritie abscess into the renal pelvis. 

Case 4. — .-V woman, aged 46. entered the Cleveland Clinic in .April, 1925, com- 
plaining of pain in the left luinliar area. Eight months previously, she had sufTiered 
from influenza which she said had “settled in her kidneys.” Since then she had 
suffered from recurring attacks of colic which always was localized in the left 
renal area. The pains were initiated by working, the attacks lasting for one or 
two days, and almost always morphine was required for relief. At times the 



Fig. 4. — Pyelogram showing a ureteroperiureteral fistula ; there is a duple.x 
kidney pelvis with irregular nodular calices. At the level of the left sacro-iliac 
joint, a loop of the ureter deviates toward the vertebral column, and at this point 
the pyelographic medium escaped from the ureter and infiltrated the periureteral 
tissues. 

patient suffered from urgency, frequency and burning on urination. Pus, albumin 
and occasional red blood cells had been found in the urine. She had had no frank 
hematuria and had never passed urinarj’’ calculi. 

During the three weeks prior to her admission to the hospital, the attacks of 
‘kidney pain” had increased in severity and frequency, being associated with 
nausea, vomiting, chills and mild fever each afternoon. She had no desire for 
food, and had lost 50 pounds (22.7 Kg.) in weight during eight months. 

Physical examination revealed that the patient was greatly emaciated. There 
nas no evidence of acute pain, and all mental processes were normal. Examina- 
tion of the heart and lungs gave negative findings. On inspection, a definite 
fulness was found just beneath the left costovertebral angle with a decreased excur- 
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sion of the diaphragm on that side. ' The left iliolumbar muscles were very spastic, 
and the entire area was very tender. No definite mass could be detected because 
extreme tenderness precluded a careful examination. The skin was normal, and 
no evidence of fluctuation or abscess formation could be detected. Her temperature 
was 101 F., and the pulse rate was 110. 

Red blood cells numbered 3,470,000, the white blood cells, 18,300, and the hemo- 
globin value was 65 per cent. The blood sugar was 87 mg. and the urea 39 mg. 
per hundred cubic centimeters of blood. A catheterized specimen of urine from 
the left kidney was loaded with pus and contained many nonacid-fast bacilli, while 
the urine from the right kidney was normal. The combined renal function accord- 
ing to the intravenous phenolsulphonphthalein test was 55 per cent in two hours. 



Fig. 5. — Chronic pyonephrotic kidney with multiple cortical abscesses, one of 
which ruptured, permitting the urine to escape from the kidney into the perirenal 
space. 

A P 3 'elo-ureterogram of the left kidne 3 ' and ureter showed a duplex pelvis with 
irregular nodular calices, and the two ureters were united before entering the 
bladder. At the level of the left sacro-iliac joint, a loop of ureter deviated toward 
the vertebral column, and at this point the p 3 'e]ographic medium escaped from the 
ureter and infiltrated the periureteral tissue (fig. 4). 

The foregoing findings suggested the preoperative diagnosis of duple.x kidney 
with p 3 'onephrosis associated with ureteral-periureteral fistula. 

On exposure of the left kidney, a large pcrinephritic abscess was found from 
which 10 ounces of pus escaped (fig. 5). The kidne 3 ' was about four times the 
normal size, and the cortex was soft and riddled with multiple abscesses. Three 
hundred cubic centimeters of thick pus was aspirated from the renal pelvis in order 
to expedite a ncphrectom 3 '. The perirenal abscess had e.xtended along the ureter, 
and at the level of the left sacro-iliac joint a large periureteral abscess was found. 
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Tliis abscess cavity contained pyelographic solution, but the fistulous tract could 
not be isolated on account of the pronounced inflammatory reaction of all the peri- 
ureteral tissue. However, the iireternl sinus was visualized by tbe pyelo-uretero- 
gram, and the extr.avasation of tbe nrograpbic fluid clearly indicated the presence 
of a ureteral fistula. 

Convalescence was slow, but when the patient was last heard from she was 
enjoying good health. 

This case illustrates the coiuplicalions that may accompany pyo- 
nephrosis. The kidney was evidently the primary source of infection, 
and the inflammatory process e.xtcndcd to the i)erinephrium, producing 
an abscess. The perirenal pus dissected its way down the outside 
of the ureter, and at the junction of the middle and lower thirds it 
eroded the ureteral walls and evacuated its contents into tlie ureter, 
thus accounting for the coexisting pyuria. 

C.\SE 5. — A laborer, 44 years of age, entered the Cleveland Clinic in October, 
1930, complaining of “bladder trouble.” He had been well until eight months 
before, when he had noticed a total hematuria which persisted for two weeks and 
then subsided spontaneously. Since then, the urine always had been cloudy. He 
had suffered from frequent urination, every two hours, associated with burning 
in the urethra. He denied lumbar pains and had never passed urinary 
stones. His general health had been good, but he had lost 10 pounds (4.5 Kg.) in 
weight during the last six weeks owing to voluntary restriction of diet. There was 
no familial history of tuberculosis. 

The physical examination revealed that the patient was well nourished. His 
temperature was 98.6 F., the pulse rate was 76, and the blood pressure 136 systolic 
and 84 diastolic. His weight was 175 pounds (79.4 Kg.) (normal weight, 185 
pounds [83.9 Kg.]). The only physical abnormality noted was slight prostatic 
enlargement. The gland was soft and boggj', and the secretion contained from 30 
to SO pus cells per high power field. 

Cystoscopic examination revealed a chronic inflammation of the entire mucosa 
of the bladder, with localized areas of ulceration. The right ureteral orifice was 
surrounded with areas of bullous edema. Several obstructions suggesting multiple 
ureteral strictures were encountered in passing a spiral tipped catheter up to the 
pelvis of the right kidney. About SO cc. of thick, cloudy urine was aspirated from 
the pelvis of the right kidney. The left kidney and ureter were normal. The 
indigo carmine dye was excreted from the right kidne 3 ' in dilute form, in ten 
minutes, and from the left in concentrated form, in five minutes. Sixty per cent 
of the phenolsulphonphthalein dj^e was excreted in two hours. 

Pj'elographic studies indicated a chronic inflammation of the pelvis of the right 
kidney with cicatricial contraction of the lower calices and multiple strictures of 
the ureter. There were two definiteh' circumscribed shadows involving the lower 
end of the right ureter, which suggested the presence of diverticula. The pelvis 
of the kidney was irregular, and several small calcified areas were seen in the 
renal cortex. Dr. Nichols made the roentgenographic diagnosis of renal tuber- 
culosis with a coexisting cystitis. However, catheterized specimens of urine were 
examined repeatedly before the presence of acid-fast organisms could actually be 
demonstrated. 
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On Nov. 16, 1928, nephrectomy was performed in a local hospital. Convales- 
cence was uneventful, except that the wound refused to heal. Four weeks later 
the patient was admitted to the Cleveland Clinic. The temperature ranged from 
98.6 to 103 F. The patient perspired freely, and complained of urgency and burn- 
ing on urination. Approximately one half of his urine escaped through the right 
lumbar sinus in spite of the fact that the right kidney had been removed. Evi- 
dently there was a urinary fistula connecting the lumbar incision with the bladder. 
Cystoscopic examination failed to show such a fistula, but the bladder mucosa was 
so intensely inflamed and covered with punched-out ulcers that the examination 
was unsatisfactory. 

During a long period of hospitalization, numerous therapeutic measures were 
employed in an attempt to control the hyperpyrexia and the cystitis and to facilitate 
closure of the incision, but all to no avail. The patient complained of tenderness 
in the right lower abdominal quadrant; the overlying muscles were spastic. He 
was very somnolent. His neck was stiff, and there was a bilateral ptosis of both 
eyelids. On March 30, 1929, seventy-five days after admission, he died from gen- 
eralized miliary tuberculosis with signs of tuberculous meningitis. 

The diagnosis of generalized miliary tuberculosis was confirmed at necropsy. 
The bladder was small and inflamed, and the mucous membrane was necrotic. The 
dome of the bladder on the right side was sacculated and communicated with a 
sinus tract leading to a large abscess located in the lower right abdominal cavity. 
The abscess contained a large amount of purulent material having an ammonical 
odor of decomposing urine. A second sinus connected the right ureter with the 
abscess cavity, and a third sinus joined the abscess with the lumbar wound. Thus 
the urine secreted by the left kidney escaped from the bladder by means of the 
vesicoperitoneal fistula or by going up the stump of the right ureter and escaping 
through the ureteroperitoneal fistula. It is true that the lumbar incision was 
caused by the previous operations, but the pelvic and the ureteral and vesical 
fistulas were of spontaneous origin. Examination of the right ureter revealed that 
the opening of the fistulous tract had been distal to the point of ligation during 
the previous nephrectomy. The entire pelvis and extravesical structures were 
involved in an extens*ive tuberculous inflammation, and the degenerative changes 
had so involved the wall of the ureter and bladder that they finally perforated. 

The following case of urinary chylous fistula has been reported 
by Lower and Belcher of the Cleveland Clinic.^ The case is summarized 
here in order to complete our present study. 

C.'\SE 6. — A Chinese cook came to the Cleveland Clinic in July, 1923, because 
of “bladder trouble.” Five months previously he first had noticed that his urine 
was cloudy ; at times it was so viscid and hazy that it resembled milk. There was 
no burning on urination, no urgency and no gross hematuria. During this period 
he had lost 10 pounds in weight, although his appetite was good. He had no pul- 
monary, cardiac or gastro-intcstinal symptoms. 

He was a native of China, but had lived in the northern part of the United 
States for ten years. 

Xo gross abnormalities were noted on plwsical examination. 

The blood count was normal, and no parasites were found, although repeated 
c.xaminations were made at all hours of the day and night. Numerous blood 


1. Lower, W. E., and Eclcher, G. W. : Ch 3 ’luria: Wh'th a Report of a Case 
Treated with X’cosalvarsan, Surg., Gsmec. S: Obst. 39:147, 1924. 
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\Vassermann and Kahn reactions were negative in all antigens. The blood sugar 
was 85 mg. and the blood urea 33 mg. per hundred cubic centimeters of blood. 

The bladder was normal on cystoscopic examination. The urine collected from 
the right kidney was clear, while that obtained from the left side resembled cream. 
A chemical analysis of the urine by the Babcock method showed 1 per cent fat. 
The fat content was so high that its presence could be demonstrated grossl 3 " bj' its 
leaving a grease spot on absorbent paper. Repeated pj-elographic studies during 
and between attacks failed to demonstrate anj' fistulous communication between the 
kidnej- and the h-mphatic sj’stem. 

The patient was given a course of neoarsphenamine, and the chyluria immedi- 
atelj- subsided. However, he had severe recurrent attacks, and each time the urine 
gave a positive test for fat. The most unusual aspect of the case was the specificit}" 
to neoarsphenamine even though no Filaria were found. 

no fistulous tract was actually demonstrated, it seems logical 
to believe that there was an artificial communication between the 
lymphatics and the kidney which permitted the extravasation of the 
lymph into the urinar)" tract. Hampton - likened “the deep lymphatics 
of the kidneys to the cerebral arteries, as the points of lowest resistance 
in their respective systems and assumes that the lymphatic obstruction 
results in a leakage causing a chyluria just as hypertension often results 
in leakage which causes apoplexy.” 

From a study of the foregoing cases it is evident that renal and 
ureteral fistulas may result from a number of pathologic conditions; 
therefore, each type of fistula will be discussed separately and clinical 
examples will be cited from the literature. 

RENAL FISTULA 

Spontaneous perforation of the kidney accompanied by fistulous 
communication with adjacent organs or tissues usually is the result of 
advanced renal disease such as pyonephrosis, nephrolithiasis, neoplasm, 
tuberculosis or the various suppurative nephritides. However, the 
kidney may become damaged secondarily as a result of a ureteral 
obstruction with its coexisting hj'dronephrosis, or a perinephritic 
abscess may rupture into the renal pelvis, or a neoplasm of the bowel 
may extend and involve the kidne}-. 

Renal fistulas may be classified according to etiolog}’^ or according 
to their anatomic relationships, the latter being the most satisfactory’ 
classification, as the location of the fistula and organs with which it 
communicates are designated. We have followed the anatomic classifi- 
cation and have searched the literature for cases which represent the 
various etiologic processes. 

2. Hampton. H. H. : Non-Parasitic Haemotoebviuria. Bull. Jobni; Hopkins 
Hosp. 31:20. 1920. 
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N ephrodiiodenal Fistula . — Nephroduodenal fistulas are much less 
common than those of the gastronephric type, only three cases of the 
former having been reported in the literature. Rayer (cited by 
Chazet described a case observed by Campaignac, that of a tailoress, 
45 years of age, who had noticed a swelling of the right flank. At 
times she suffered from intense nausea, and had vomited large amounts 
of foul, acrid, urine-like material. During the attacks of vomiting 
a spontaneous decrease in the size of the lumbar tumor occurred. 
Necropsy revealed a communication between the collapsed pyonephrotic 
kidney and the first part of the duodenum. Also two small sinus tracts 
joined the perinephritic abscess with the renal pelvis. 

Bang treated a patient who had renal and ureteral tuberculosis. 
The indurated ureter was partially occluded by the inflammatory 
process and produced a hydronephrosis which caused a fusion and 
finally an abnormal communication between the kidney and the duo- 
denum. Fernelius presented an incomplete report of a duodenal-kidney 
fistula which he observed in 1646. 

Nephrocolic Fishda . — Inflammatory lesions may produce communi- 
cations between the kidney and any part of the large intestine. As 
a general rule, pyonephrosis, tuberculosis and perinephritic abscesses 
are the most common offenders. 

Rayer described a case of renal tuberculosis in which a sinus tract 
joined the kidney and colon; two cutaneous sinuses also opened into 
the loin, forming a renocolic cutaneous fistula. Rayer referred to 
another example of tuberculous necrosis of the kidney and colon in 
which there was a patulous communication. D’Allaines and Rouffiac 
treated a man who had a large tumor in the right part of the hypochon- 
drium. An exploratory laparotomy revealed a large perinephritic 
abscess surrounding a kidney with caseous degeneration, the abscess 
having ruptured into both the kidney and the colon. 

Ogle observed a patient with a large perinephritic abscess which 
ruptured into the colon, causing a purulent diarrhea with expulsion 
of urinary calculi ; the diagnosis was confirmed at autopsy. Morris 
mentioned the case of Ammundale,’-® who incised a large psoas abscess 

15. Rayer, cited by Chazet, Gaston: Contribution a I’etude de la tuberculose 
renale avec fistules. These de Paris, 1899-1900, no. 374. 

16. Bang, B. F. L. : Primaer tuberculose i urogenitalorganerne ; kommunika- 
tion immellem duodenum og den h^jere ureter, Hosp.-Tid. K^benh. 1:561, 1874. 

17. d’.A.llaines and Rouffiac: Fistule pcrenephrocolique avec lesions inflamma- 
taires du rein. Bull. Soc. anat. de Paris 93:324, 1923. 

IS. Ogle. J. W., cited by Weiser.^® 

19. .A.mmundale, cited by Alorris.® 
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which was pointing in the lumbar area. Fifteen clays later urine and 
feces were discharged from the incision. The psoas abscess was 
secondary to the calculous pyonephrosis. 

External abscessfes, arising from perforation of the kidney substance 
by a small stone, may open into the colon and discharge pus, urine 
and calculi into the intestinal tract, as observed by Rosenbach. 

Dittrich -® saw an appendicorenal fistula resulting from a ruptured 
appendix with a subsequent perinephritic abscess which perforated 
the kidney, thus fonning a patulous tract between the kidney and the 
appendix. Cruveilhier referred to a woman who was reported to 
have had a “septic death.” At autopsy, both kidneys were found 
to be in the true pelvis and fused together behind the rectum. As 
a result of pyonephrosis, the infection had spread to the perirenal tissue 
and had formed an abscess which perforated the rectum, forming a 
renorectal fistula. 

To this series may be added the two cases of nephrocolic fistula 
studied at the Cleveland Clinic. In one case the fistula between the 
kidney and colon communicated with a second sinus, which extended 
through the lumbar muscles, permitting undigested food to escape from 
the cutaneous opening. 

Reno pulmonary Fistula . — Communications beEveen the kidney and 
the lungs, as suggested by the expectoration of pus, urine and urinaiy 
calculi, usually signify advanced renal disease. This is illustrated by 
tuberculosis of the kidney with its resulting perinephritis, which ma}’- 
lead to a perirenal abscess, the infection then spreading along the 
surface of the liver forming a subdiaphragmatic abscess which may 
perforate the diaphragm, producing an empyema, with final escape of 
the pus by erosion into one of the bronchi. 

Morris referred to the case cited by Rayer, that of a locksmith, 39 
years of age, who eighteen years before had had a stone removed 
from the bladder. For eight years he had suffered severe pains in 
the left lumbar area associated with sudden pyuria. The pains were 
sometimes referred along the course of the ureter. On two occasions 
a profuse purulent expectoration occurred with a simultaneous disap- 
pearance of the pyuria. Autops}' disclosed a communication between 
the bronchus of the lower left lobe of the lung and the kidney. The 
fistulous tract had extended through a dilated cah-x, penetrating the 
diaphragm and opening into a bronchus : several small phosphatic con- 
cretions were lodged in the lumen of the sinus. The kidney was 
practically destroyed by tuberculous caseation. 

20. Dittrich, cited by Wciser."'’ 

21. Cruveilhier, cited hy Morris.'® 
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24. Hortels, cited by Chazet.i® 
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29 . McDwean, cited by Weiser.so 
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Weiser mentioned a case of calculous pyonephrosis which ruptured 
into the peritoneal cavity, producing localized peritonitis, splenic and 
subdiaphragmatic abscesses and emp3'ema due to the infectious process 
spreading by way of the lymphatics to the pleural cavity. The infec- 
tion also invaded the circumrenal tissue, producing a perinephric 
collection of pus. 

Rupture of a kidney in which there has been long-standing h3'dro- 
nephrosis, and in which the walls of the renal pelvis have been stretched 
out to paper thinness, accounts for most urinar3' ascites. In the case 
reported by Bennett, a ureteral stone had produced a progressive 
h3-dronephrosis which ruptured into tlie abdominal cavit3'. An imme- 
diate operation with aspiration of the urinary ascites and a repair of 
the ruptured kidne3^ resulted in rapid convalescence. Ta3-lor referred 
to the case of a girl, 15 years of age, in whom a large cystic tumor 
extended from the left costal margin to the crest of the ilium. One 
night the C3'St ruptured spontaneousl3’, and on the next morning an 
explorator3' laparotom3- was performed, at which time urine was encoun- 
tered in the peritoneal cavit3\ Since it was impossible to locate the 
artificial opening in the kidne3-, the h3'dronephrotic sac was sutured 
to the anterior abdominal wall, thus forming an external urinary fistula 
which permitted the continuous drainage of urine. On several occa- 
sions the ostium of the fistula closed, and immediately the patient had 
a recurrence of the kidne3' pain ; as soon as the sinus tract was opened, 
the pain was relieved. 

Turner performed a laparotom3- because of a ruptured hydro- 
nephrosis of a single kidney and found peritonitis due to urinar3' irrita- 
tion and infection. Later, peritoneal abscesses developed, and the 
patient died. Bazy has pointed out that if the urine is sterile, the 
resulting chronic peritonitis usualh^ responds to surgical treatment, but 
if the escaping urine is infected, the patient rapidl3’ succumbs to a 
fulminating peritoneal infection. 

The diagnosis of urinar3’- peritonitis is difficult, as attested b}' the 
following reports. Schreuder performed an operation for appendi- 

30. Weiser, .A..: Die nichttraumatischen Perforation und Fisteln des 
Harntrakes, Ztschr. f. urol. Chir. 28:120, 1929. 

31. Bennett, cited by Aforris.^ 

32. Taylor, J. W. ; .Acute Hydronephrosis or Dilatation of the Pelvis of the 
Left Kidney: Rupture of Sac and Kxtravasation of Urine into Peritoneal Cavitv’; 
Operative Rccovcrj- with Rupture into Peritoneal Cavity, Lancet 2:.3?9. 1SS4. 

33. Turner. Phillip: Hydronephrosis of Single Kidney: Spontaneous Rupture 
into the Peritoneal Cavity. Proc. Roy. Soc. Med. 1G:24. 1923. 

34. Bazy, cited hy LcConitc.''- 

3a. Schreuder. O. : Spontaneous Rupture of Hvdroncphrosis, Deutsche Ztsrhr 
f. Chir. 191:100. 1925. 
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citis and encountered free urine in the abdominal cavity due to a 
kidney ruptured by p3'onephrosis. TschugajefT explored the abdomen 
for a cryptogenic peritonitis and was surprised to find a ruptured 
kidney with infected urine draining into the peritoneal cavity. 

Rcnoperireual Fistula . — The simplest and most common renal fistula 
is that caused hy a rupture of the kidney which permits the extravasa- 
tion of urine into the circumrenal tissue with the formation of perirenal 
and psoas abscesses. There are numerous pathologic conditions which 
might cause spontaneous rupture of the kidne}^ 

It is not uncommon to find a perinephritic abscess which empties 
into the renal pelvis, causing intense pyuria. Alglave encountered 
a case of tuberculous spond3doIisthesis with an associated psoas abscess ; 
the pus finally perforated the kidne3', causing a sudden copious p3'uria. 
In Weiser’s patient the cold abscess developed from the dorsal vertebra 
and not onl3'^ did it rupture into the kidne3'^ pelvis but the infection spread 
under the diaphragm, the bacteria reaching the pleural cavit3’- b3’^ l3'm- 
phatic dissemination resulting in emp3'ema. Maudet described a case 
in which there was a tuberculous kidne3’^ with multiple areas of casea- 
tion which finall3" perforated the kidne3% and the infected urine infil- 
trated the perirenal tissues, causing a large perinephritic abscess. When 
the perinephritis is the result of a renal fistula, the pus usuall3'^ collects 
posterior to the iddney. However, the fluid may be anterior to the 
kidney and push the peritoneum forward, forming a c3'Stic mass which 
can be palpated through the anterior abdominal wall, and often is mis- 
taken for an inti'a-abdominal tumor. Morris performed an autopsy 
on a patient who had died of scrofulous pyonephrosis and cystitis, and 
found a large retroperitoneal abscess which had dissected its way down- 
ward from the left kidney to the brim of the pelvis and the anterior 
crest of the ilium. 

Vanwerts cited the case of a woman, 25 3^ears of age, who had 
undergone an operation for appendicitis, at which time a perityphlic 
abscess had been found and drained. Five days later urine was dis- 
charged from the wound. He felt that the perityphlic infection spread 
through the retroperitoneal tissue, causing a psoas abscess which 
ruptured into the renal pelvis. 63'^ the use of indwelling ureteral cathe- 
ters, the patient made a satisfactory recover3\ However, there is no 
certaint3r that the abscess did not perforate the ureter instead of the renal 
pelvis. 


36 . Tsdiugajeff, cited by Weiser,"® 

37. Alglave, cited by Weiser.®® 

38. Xtaudet, cited by Chazet.^® 

39. Vanwerts, cited bj' Weiser.-® 
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To this series of cases may be added our case 3 in which the peri- 
nephritic abscess eroded through the thin pelvic wall, giving rise to 
pyuria. 

Spontaneous rupture of a hydronephrotic kidney is another cause 
of urinary extravasation into the circumrenal tissue. A persistent 
ureteral obstruction may produce a progressive hydrostatic dilatation 
of the renal pelvis to such a degree that it may rupture. Van Saar 
observed an unusual case in which spontaneous perforation of the 
hydronephrotic kidney occurred twice. The first rupture of the renal 
pelvis permitted the urine to escape into the perirenal tissue, and under 
conservative treatment the patient made an uneventful recover}-. 
Eighteen months later a severe pain in the area of the left kidney 
announced the second rupture. During the process of nephrectomy, 
urine was encountered in the perirenal tissue, and the rent in the 
pelvic wall was demonstrated in the removed specimen. Van Saar 
believed that the spontaneous healing of the renal pelvis following the 
first rupture was due to the sudden release of the intrapelvic pressure 
which permitted coaptation of the pelvic walls with consequent healing. 
The kidney tissue was functioning so slowly that the reparation was 
complete before sufficient fluid had collected to cause another rupture. 
The extravasated fluid consisted chiefly of water and sodium chloride; 
hence it was readily absorbed. Had the urine been infected, a peri- 
nephric abscess probably would have resulted. An incarcerated calculus 
at the ureteropelvic junction may lead to a ruptured hydronephrosis 
and permit the urine to escape into the perirenal tissue. Mathe and 
Oviedo observed such a case in which, following a pelviolithotomy 
and plastic repair of the perforation, the patient made an uneventful 
recovery. When the extravasated urine is mixed with sufficient blood 
to form a perirenal hematoma, as in LeComte’s ■*- case, the rent in the 
hydronephrotic kidney usually involves both the pelvic wall and 
the cortex. Wood performed an explorator}- laparotomy for an antici- 
pated acute peritonitis and discovered a large cystic tumor surrounding 
the right kidney. He incised the mass, encountered free urine, and 
found a hydronephrotic kidney with a small opening into tlie pelvis 
whence urine had escaped. 

40. Van Saar, G. ; Ueber Hydronephrosenruptur und den dabei auftretcnden 
Symptomcnkomplex, Beitr. z. klin. Chir. 64:316, 1909. 

41. l^Iatbe, C. P., and Oviedo, G. F. : Spontaneous Rupture of Hydronephrotic 
Sax, Secondarj- to Ureteral Stone. California & West. Med. 26:790, 1927. 

42. LeComte. R. Spontaneous Rupture of Hvdrbnephrosis, T Urol 15:417 
1920. 

43. Wood. W. F. : Spontaneous Rupture of Hvdroncphrosic. Brit T '^ur" 
10:574, 1923. 
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Renal calculi generally arc associated with chronic urinary stasis, 
infection and pressure necrosis, all predisposing to spontaneous per- 
foration of the cortex of the kidney. If the stones arc small, they 
may escape into the perinephric s])acc and then migrate to the lower 
lumbar area, where the}' cause a psoas abscess, such as that observed 
by Pachkis.'“ However, a solitary, large dendritic stone may penetrate 
the cortical tissue and still remain lodged in the renal pelvis. Everett^'’ 
performed a pelviolithotomy for such a condition, but the patient died 
from the absorption of infected urine. 

Nephrolithiasis is usually associated with functioning renal tissue, 
and when the stone pierces the medulla and corte.x, the extravasated 
urine may infiltrate all the perinephric tissue and produce pronounced 
constitutional reactions. Sometimes the escaping urine follows the 
course of the ureter, and a periureteral abscess may result, as was 
described by Turner.'® Occasionally the urine dissects its wa)’’ along 
the fascial and muscular planes, causing an inflammatoiy edema in 
distant areas. Heniline treated a patient with a tender inflammatory 
swelling of the scrotum, perineum and lower portion of the abdomen. 
Multiple incisions- of the edematous area permitted the escape of foul 
material which resembled urine. At autopsy it was found that the 
upper calyx of the kidney had been perforated by a small stone, forming 
a nephroperirenal fistula. An unusual case of urinary extravasation 
was seen by Delzell and Harrah.'*" Their patient had a diffuse cellulitis 
of the penis, scrotum and thighs. The anterior abdominal wall and 
the lumbar muscles were involved in an extensive inflammatory reaction. 
The peritoneal cavity was filled with multiple abscesses, and the liver 
was pushed downward by a subdiaphragmatic collection of pus. The 
pleural cavity contained a localized empyema and was covered by. a 
plastic exudate. This generalized systemic infection resulted from the 
spontaneous perforation of a pyonephrotic kidne}^ 

A fourth cause for urinary extravasation into the circunuenal 
tissue is the spontaneous perforation of the renal cortex. Many cases 
of idiopathic rupture of the parenchyma of the kidney have been 
reported, but extravasation of urine was present in only a small pei- 
centage of these cases. The cortex of the kidney seems to be more 
friable than the pelvis and ruptures more frequently, but unless the 

44. Pachkis, R., cited by Weiser.^o 

45. Everett, William: Perforation of Kidney by a Large Branched Calculus, 

Brit. M. J. 1:17, 1925. - 

46. Turner, Alfred C. : Unusual Case of Urinary Fistula, Lancet 2 : 220 , H29. 

47. Delzell, W. R.. and Harrali, Frank W. : Eleven Cases of Ruptured Kiducji 
T. Urnl. 18:131, 1928. 
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rent extends through all the cortical tissue and opens into the pelvis, 
or unless the entire kidney is split open, only perirenal hematoma is 
formed and no urine escapes. 

Fox ■’® described the case of a man, who on tripping and attempting 
to prevent falling, had performed some unusual muscular movements 
which caused pain in the right lumbar area. Exploration revealed a 
complete transverse rupture of the kidney with a perirenal hematoma 
mixed with urine. ]\'Iany authorities are of the opinion that a kidney 
must be weakened by disease before it can be ruptured by muscular 
exertion. 

In Brown’s case, two stones obstructed the ureter producing a 
pressure atroph}* of the renal cortex which finally resulted in a rupture 
of the parench3-ma of the kidne}' with liberation of urine into the 
perirenal tissue. 

Rupture or perforation of the kidney substance may occur as the 
result of renal neoplasms, such as liA^pernephromas, carcinomas, embry- 
omas or sarcomas. As the tumor growth is rapid, degenerative changes 
often result in necrosis of the renal tissue with die formation of urinary 
sinuses. Tuffier described a case of renal carcinoma, and Hartmanns 
cited the case of an unidentified neoplasm, both of which caused a spon- 
taneous rupture of the cortex with urinary extravasation into the 
perinephrium. 

Renocutaneons Fistula . — Renal fistulas which open exteriorly usually 
point in the loin, flank or groin. This type has received considerable 
attention in medical literature. 

Tuberculosis of the kidney is the most frequent cause of cutaneous 
urinar}" fistula and represents advanced renal lesions. Barne\' and 
Mixter treated a patient until renal tuberculosis complicated by 
an inguinorenal fistula, nephrolithiasis and transverse myelitis of the 
spinal cord. 

Schwartz encountered a tuberculous perinephritic abscess which 
not only produced pyuria by rupturing into the kidney but also caused 

48. Fox, O. E. : Ruptured Kidnej- Due to Muscular .A.ction, Atlantic M. T. 
31:183, 1927. 

49. Brown, R. ; Spontaneous Rupture of Renal Pelvis, Surg. Clin. Korth 
America 10:969. 1930. 

50. Tuffier, M. : Hematome sous-peritoncal diftres par rupture spontanei d’un 
sarcome du rein. Bull, ct mem. Soc. d. cliirurgiens de Paris 32:692. 1906. 

51. Hartmanns. M. : Spontaneous Rupture of Cancer of the Kidney, Bull, et 
mem. Soc. d. cliirurgiens de Paris 32:695. 1906. 

52. Barney, J. D.. and Mixter, W. J.: Renal Tuberculosis Complicated by 

Inguinal Renal Fistula, Transverse Mvclitis and Renal Calculu' T Urol 4-391 
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the development of a cutaneous fistula in the loin. Vright*'’' discussed 
a case of advanced bladder and renal tuberculosis complicated b}' trou- 
blesome urinary sinuses which perforated through Petit’s triangle. 
Broca, Lucas and Doyen have mentioned instances of chronic 
urinary fistula opening in the loin as the result of caseous degeneration 
of the kidney. 

Nephrolithiasis associated with pyonephrosis is often antecedent to 
perforation of the kidney; the stone is extruded into the perirenal 
tissue and finally escapes by burrowing its way through the skin. 
McClelland described a case of urcterolithiasis which caused a renal 
fistula with two cutaneous openings; the first sinus opened into the loin 
and continued to discharge pus, urine and stones ; four years later a 
second fistula opened through the groin, giving exit to pus and stones; 
both fistulous tracts healed following a nephrectomy. Weeks, Gaston 
and Whatel}'' have cited cases of calculous pyonephrosis which termi- 
nated by the stones being expelled through the lumbar muscles. Crab- 
tree encountered a perinephritic abscess arising from a calculous 
perforation of the renal cortex, the escaping urine and pus spreading 
beneath the diaphragm causing a secondary subdiaphragmatic abscess. 

Cutaneous renal fistula occurring as a result of a parasitic infection 
of the kidney is extremely rare. La Peyre saw an unusual case in 
which the kidney had been converted into a fatty mass harboring three 
worms about 3p2 inches (8.9 cm.) in length (the type not described). 
Several worms were found embedded in the perirenal tissue, and a 
sinus tract leading from the kidney and opening in the loin permitted 
a continuous discharge of purulent urine. 

Cutaneous urinary fistulas also arise as the result of spontaneous 
rupture of a hydronephrotic kidney. Coupland and Lawton treated 
a patient with a bifid ureter which Avas ob.structed at the vesical orifice 
by a large irregular stone; the subsequent urinary stasis caused a pres- 
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sure atrophy with rupture of the renal cortex, and the extravasated 
urine finally perforated the lumbar muscles. Alorris described a similar 
case, in ^yhich the obstruction was due to a ureteral stone. 

URETERAL FISTULA 

Spontaneous perforation of the ureters is much less common than 
perforation of the kidney. However, the same pathologic conditions 
that produce renal fistula are responsible for the great majority of 
ureteral sinuses. 

Urctcro-Intcstinal Fistula . — The anatomic relationship of the left 
ureter and the stomach precludes the formation of a gastro-ureteral 
fistula unless some anomalous condition is present. 

Communications between the right ureter and the duodenum have 
occurred but are rare. Several questionable cases have been reported, 
but careful study shows that most of them were those of nephro- 
duodenal fistulas. Davis cited the only authentic case of uretero- 
duodenal fistula. The patient was 29 years of age, and complained 
of a dull, aching pain in the left flank associated with fever, chills, 
pyuria, frequency and burning on urination. A pyelogram revealed 
the extravasation of the injected medium from the upper end of the 
ureter into the periureteral tissue. At operation, a sinus tract was 
found uniting the ureter and the duodenum. The opening in the duo- 
denum was closed, and the kidney was removed. The patient made a 
good recover}-. There was sudden cessation of all urinary symptoms fol- 
lowing the operation. The kidney was examined microscopically, and no 
evidence of tuberculosis could be found. Davis believed that the non- 
specific perirenal abscess ruptured into the ureter and also emptied 
into the duodenum, thus forming the artificial communication. 

Stones may ulcerate through the ureteral wall and form a peri- 
ureteral abscess which may empty into the colon. Greene observed 
a patient in whom dysuria and frequency of urination were outstanding 
symptoms. Pyelographic studies disclosed a distorted renal pelvis, and 
at the level of the fourth lumbar vertebra the urographic solution was 
seen to escape from the ureter and enter the cecum and ascending 
colon. Operative findings substantiated the diagnosis of ureterocolic 
fistula. ells cited the case of a patient who passed urinary calculi 
in the feces. He concluded that the stones ulcerated through the lower 

63. Davif. E. G.: Duodciio-Urctcral Fistula of Spontaneous Oriirin. J. .A. 
M. 70:376 (Feb. 9) 1918. 

66. Greene. L. F. : Urctero-Colonic Fistula. .Ann. Sur^. 86:139, 1927. 

67. Wells, S.; Urinarj- Calculu' Discliareed Tbroupli tb.e Fcctum. Tr. Path. 
Soc. I.ondon 5:202, 185-?. 
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ureter, formed a periprostatic and perirectal abscess which ruptured 
into the rectum, tlnis permitting urine and stones to escape with the 
stools. 

Retrocecal appendix may cause a perityphlic abscess which may 
burrow its way into the ureter atid empty its purulent contents by 
means of the urinary tract. LeComte emphasized that such abscesses 
not only communicate with the ureter, cecum and colon but may open 
externally by penetrating the lumbar muscles, thus producing a urinary- 
iliocolostomy. Chrzelitzer also found an appendico-ureteral fistula 
due to an old appendical abscess. 

Most ureterocolic fistulas result from tuberculous infections. Doer- 
ing treated a patient who had a cold abscess which arose from a 
tuberculous hip and eroded into the ureter, producing pyuria, and then 
ruptured the colon. Casper,’'® Newman and Doering each encoun- 
tered uretero-intestinal fistulas resulting from tuberculous periureteritis. 
Van Vranken observed a patient with a swelling in the grain just 
above Poupart’s ligament. He incised the abscess and found that it 
communicated with the colon. Feces drained from the opening for 
about one month, and then urine could be detected in the discharge. 
Evidently the psoas abscess had perforated both the colon and the 
ureter, forming a ureterocolostomy. 

Uretcro-Ahdominal Fistula . — One of the most unusual forms of 
ureteral fistula is that in which there is. a communication with the 
peritoneal cavity. 

Dystrophies of the ureter, whether congenital or acquired, are con- 
ducive to rupture of the ureteral lumen. Foster, Pflaum and Sugoi 
described the case of a child 14 days old who died of urinary ascites. 
Autopsy showed atresia of the right ureter with an aplastic I'ight kidney. 
The left ureter had a normal lumen, but just proximal to its vesical 
orifice the ureter was kinked, producing complete obstruction. The 
ureter was dilated and tortuous, and was the seat of an advanced 
ureteritis. Just above the obstruction was a small perforation of the 
ureteral wall which permitted the escape of urine into the peritoneal 
cavity. 
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16:408, 1922. 

69. Doering, cited by Weiser.-® 

70. Casper, L. : Ureteral Fistula and Ureteral Suppurations, Ztschr. f. Urol. 
18:545, 1924. 

71. Newman, cited by Weiser.^® 

72. Van Vranken, A. T. : Uretero-intestinal Fistula as Result of .Abdominal 
Abscess not Due to -Appenditicis, with Recovery, Tr. New York Af. A. 11:553, 
1894. 

73. Foster, Pflaum and Sugoi, cited by tVeiser.®® 



IIIGGIXS-lIICKIiX—REXAI. .IXD URETERAL EISTULAS S-tl 


Tuberculous ureteritis with its iullauiuiatory necrosis may perforate 
the ureter and empty its purulent contents into the abdominal cavity, 
prodneinij the clinical picture of peritonitis. Mitterstiller ix;rformed 
a laparotomy for chronic jicritonitis. on a woman, 28 years of age, 
and found multiple intra]ieritoneal and extraiicritoneal abscesses caused 
by the tnhcrcnlons ulceration of the ureter at the level where it crossed 
the iliac vessels. The findings were corroborated at necropsy. 

In case 5 of our scries the nrctcrovcsicopcritoneal fistula was due 
to an extensive tuberculous necrosis of the bladder and ureter. The 
urine secreted by the left kidney entered the peritoneal cavity cither 
b}' the urctcropcritoncal or by the vcsicopcritoncal fistula, and then 
escaped from the abdominal cavity by means of an old lumbar sinus. 

A calculus may partially or completely obstruct the ureter, causing 
not only a hydro-ureter but also ureteritis, both of which weaken the 
walls of the ureter and may cause a perforation. Dupuytren 
observed the case of a young woman with a left lumbar abscess, which 
was incised and drained. Subsequently, signs of chronic peritonitis 
developed, and the patient died. At autopsy, it was found that a stone 
had eroded through the musculature of the ureter and permitted the 
infected urine to seep out into the peritoneal cavity. 

As these histories indicate, most cases of urinary ascites terminate 
fatally owing to peritonitis precipitated by the contaminated urine. 

Urcteroperiurctcral Fistula . — Stones may ulcerate their way through 
the walls of the ureter producing a periureteral abscess which drains 
into the ureteral lumen, causing pyuria. Frenkel '''• gathered the records 
of eleven cases of this type. Berrj' encountered a phlegmonous 
involvement of the periureteral tissue due to urinary extravasation and 
found that a small stone had perforated the ureter. Schmidt treated 
a patient with periureteritis which was secondary to perforation of 
the ureteral wall by a stone. The patient had symptoms suggesting 
carcinoma of the cendx, and only after careful study was it found 
that the extensive periureteritis was due to urinary extravasation. 

74. Mitterstiller, S. ; Ueber einem Fall von Entleerung eincr Pyonephrose in 
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Diverticula of the ureter, which usually represent congenital 
dystrophy, may rupture spontaneously. Stevens observed the case of 
a man, 59 years of age, who complained of fever and chills and pain in 
the left lower flank ; urinary symptoms were entirely absent. 

Cystoscopic and pyelographic examination revealed a small diver- 
ticulum at the ureteropelvic junction; the diverticulum had perforated 
and was draining a coexisting perinephritic abscess. 

Perinephritic abscesses resulting fi'om osteomyelitis or infections 
of the adjacent soft tissues may rupture into the ureter and cause a 
fistula. Linds jo cited the case of a patient who suffered for eighteen 
months from intermittent pyuria and pains in the left hip. A specimen 
of urine collected from the left ureter was loaded with pus. At 
operation a large psoas abscess was found which had arisen from a 
chronic osteomyelitis of the hip bone. The abscess had penetrated the 
walls of the ureter and was emptying its purulent contents into the 
urinary stream. 

Tuberculous ureteritis with perforation and formation of periureteral 
abscesses may closely simulate some intra-abdominal lesions. Rathbun 
encountered a scrofulous periureteral abscess which communicated with 
the left ureter in a patient in whom the referring physician had sus- 
pected an extra-uterine pregnancy. 

Our case (case 4) of ureteroperiureteral fistula illustrates the com- 
plications that may follow a perinephritic abscess. The kidney was 
the seat of cortical abscesses ; the infection spread to the perinephrium, 
extending down the course of the ui’eter and forming a periureteral 
abscess which ruptured into the ureter, causing cystitis with pyuria. 

Ureterovesical Fistula . — Abnormal spontaneous communications 
between the ureter and bladder are unusual. Occasionally a ureteral 
stone may be arrested at the A^esical orifice, ulcerate its way through 
the walls of the ureter and form a periureteral abscess which may pene- 
trate the bladder. Occasionally a pelvic abscess secondary to acute 
salpingitis ruptures into both the ureter and the bladder, forming a 
ureterovesical fistula, such as Ottow described. Schottelius treated 
two patients suffering from periureteritis. The inflammation had spread 
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to the ureters, producing ureteritis and liydro-urcter. Tlie diseased 
ureteral walls ruptured, i)cnnittin" urine to escape into the i)criureteral 
tissue. The resulting abscess opene<l into the bladder and formed a 
urctrovesical fistula. 

Urctcrovagina! Fistula. — Fistulous tracts joining the vagina and the 
ureters as the result of local disease are very interesting; Wcinzierl 
referred to a case in which a fistula arose from the prolonged use 
of a pessarv. The constant irritation of the pessary with its inflamma- 
tory reaction and pressure necrosis produced localized abscesses which 
opened both into the vagina and into the ureter, permitting urine to 
escape through the vulva. Morris treated a young girl for renal tuber- 
culosis and cystitis. The bladder symptoms became so pronounced that 
the patient dribbled urine constantly. On careful examination, an 
advanced tuberculous ureteritis with a cold abscess was found. The 
inflammatory process had extended to the periureteral tissues and finally 
had eroded its way into the vagina. All the urine excreted by the 
isolateral kidney escaped by this fistulous tract. Jurgen and Kretch- 
mer®" each described a case of ureterovaginal fistula arising from 
irradiation necrosis following the application of radium for carcinoma 
of the cervix. 

An interesting case was described by Konwer • ' and Schwartz ” 
in which a stone had ulcerated its way through the coats of the ureter 
and had formed a periureteral abscess which had perforated the walls 
of the vagina. 

DI.A.GXOSIS 

In the majority of the cases cited, the diagnosis was made from 
the history and the findings at operation or autopsy. At the present 
time, cystoscopic and roentgenographic studies malce the diagnosis of 
urinary fistula relatively easy, and there is no reason why a preoperative 
diagnosis of all such fistulas should not be made. 

TRE.VTJIEXT 

The best treatment for spontaneous urinarA' fistula is prophylaxis. 
The infrequent occurrence of this condition at the present time signifies 
that, in general, renal diseases are not allorved to progress to the stage 
at which fistulas are formed. Tuberculous kidneys usuall}’^ are removed 
before they reach the point of pronounced caseous degeneration ; stones 
are extracted before they penetrate the walls of the pelvis or ureter ; 
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perinephritic abscesses arc drained before they ulcerate into the kid- 
ney, and hydronephrotic kidneys arc prevented from rupturing by early 
removal of the ureteral obstruction and the establishment of free 
drainage. If urinary fistulas develop, it usually means that the patient 
has refused medical attention until the disease process is well established. 

The therapeutic measures employed in the treatment of spontaneous 
renal fistulas arc governed by the general condition of the patient, the 
functional status of the kidneys, the type of disease present and 
the organs or tissues involved. Attempts to secure a primary closure 
of the sinus tract usually arc unsuccessful unless the causative factors 
are removed. As such cases I'epresent advanced renal tuberculosis,, 
nephrolithiasis, pyonephrosis or hydronephrosis with atrophy of the 
parenchymal tissue, it is generally necessary to sacrifice the kidney. 

Many patients of this type represent such bad surgical risks that 
a primary nephrectomy is contraindicated ; however, an incision and 
drainage of the coexisting perirenal abscess usually improves the general 
condition so that the kidney may be removed at a later date with much 
less danger. In our case (case 2) of nephrocolic fistula such a con- 
servative procedure was followed, and in spite of three operations 
the patient made a satisfactory recovery. At times the chronic infec- 
tion associated with most renal fistulas has so reduced the vitality of 
the patient that even the most conservative surgical procedure is of no 
avail. 

If the fistula communicates with a hollow viscus, such as the gastro- 
intestinal tract, the opening in the cavity is closed and the kidney is 
removed. Very few fistulas persist after the kidney has been excised, 
unless the initial disease has become firmly established in the perirenal 
tissues. 

The treatment of ureteral fistulas is usually more conservative, 
depending entirely on the condition of the isolateral kidney. If a small 
stone has perforated the ureter, incision and drainage of the periureteral 
abscess and the use of indwelling ureteral catheters sometimes result 
in cure. If pyonephrosis has developed secondary to ureteral obstruc- 
tion, the kidney usually must be sacrificed. In our case of ureteral- 
periureteral fistula, which was secondary to pyonephrosis associated 
with a perirenal abscess which had ruptured into the ureter, the removal 
of the kidney was necessary in order to close the fistula. In most 
patients with renal or ureteral fistulas, the condition constitutes a com- 
plication arising from advanced kidney disease and is attended with 
a high rate of mortality. The infected urine infiltrates all the .surround- 
ing tissues and organs, producing chemical and bacterial irritations which 
are expressed by severe febrile and septic reactions. In our scries 
of four patients who were subjected to operation, one death occurred. 
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SUMMARY 

This report includes the detailed study of three types of spontaneous 
renal fistulas ; ncphrocolic, nephroperircnal and rcnochylous fistula, and 
one case each of spontaneous uretcrovcsicoperitoncal and ureteroperi- 
urctcral fistula. 

Spontaneous renal and ureteral fistulas are the result of advanced 
kidney disease, such as tuberculosis, nephrolithiasis, pyonephrosis, 
hydronephrosis or neoplastic disease, and occasionally arise from a 
perincphritic abscess that is secondary to caries of the vertebrae, peri- 
typhilic abscess, pelvic disease or peripheral infections, such as boils. 

The diagnosis is made on the basis of the clinical symptoms, cor- 
roborated by cystoscopic and roentgenographic studies. 

The most important consideration in the treatment of spontaneous 
urinaiy* fistulas is prophylaxis, the prevention of advanced kidney 
diseases to the stage of fistula formation b}- the use of early corrective 
measures. Closure of a renal fistula usually requires nephrectomy, 
as the kidney is so generally diseased that practicall}' no functioning 
tissue remains. In the case of patients who constitute a grave surgical 
risk, consen’ative measures are indicated; primarj- drainage of a peri- 
nephritic abscess usually results in improvement, so that a nephrectomy 
may be performed later. The use of indwelling ureteral catheters 
may facilitate the repair of a ureteral fistula, but usually the kidney 
is harboring infection which has destroyed the parench3'ma to such an 
extent that its conservation is useless. 
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The effect of complete and partial starvation on the healing of 
wounds is of fundamental importance to the surgeon. Malnourished 
patients must occasionally be subjected to surgical procedures, and often 
it is necessary to restrict the amount of diet after operation. Only 
too frequently we observe the wounds of undernourished patients, par- 
ticularly those of children, healing slowly and becoming infected.^ 
Unfortunately, in the clinic, however, it is not always possible to 
establish the exact nature of a malnutrition or to determine the deficiency 
of the previous diet which produced it. So, too, it is quite impossible 
to tell whether a prolonged healing time of a wound is the result of 
malnutrition alone or of other causes more obscure. To interpret 
adequately the relation of diet to the healing wound, one must have 
carefully collected data on experimental animals — data which give the 
preoperative state of nutrition and the dietary regimen as well as 
the postoperative state. 

Repeated experiments have shown that starvation actually accel- 
erates the rate of cellular division. Morgan,- for example, found 
that the legs of salamanders regenerated as rapidly when the animals 
were starved as when they were well nourished. Gaglio,® studying 
the problem histologically, found mitotic figures more frequent in the 
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tissue? of strirved fro;;? than in normal frogs, while Morjnirgo saw 
a similar increase in cells of jhgeons. Morgulis,' following a careful 
study of the entire i)rohlem. came to believe that a reduction in cell 
cytoplasm occurred, with hut little reduction in the size of the nucleus. 
This disturbed nuclear cytoplasmic ratio, he believed, resulted in an 
increased rate of cell division in an effort to restore the projier balance. 
Theoretically, then, starvation should not delay healing of the wound, 
but actually, as has been mentioned, there are disturbing factors in 
association with congilcte or partial starvation which cause the wounds 
to show not an acceleration in healing, but rather a slower rate of 
repair. Consequently, it is not surprising that it is a common belief 
that complete or partial starvation delays the healing of the wound, 
and this may be true because regeneration is onl)' one phase of the 
healing. 

It is the object of our investigation, therefore, to dissociate starva- 
tion and partial starvation (reduction in the amount of an adequate 
diet) from other types of malnutrition and to study their effects on the 
healing wound. To a certain extent, the strength of the wound has 
been found to be directly proportional to the degree of healing attained, 
and, therefore, strength will be adopted here as the criterion for 
testing the rate of repair. In order to determine the relation between 
age and these two dietary changes, it will be necessary to make two 
studies, using, on the one hand, adult animals and, on the other, young 
ones. 

METHOD 

The rat was particularly good for our purposes because of its relatively high 
degree of immuniw to infection, as well as to the large amount of work that has 
been done on its metabolism. 

Because we found that age made such a difference in the rate of healing, young 
and old rats of definite specifications were selected. The adults employed averaged 
194 Gm. in weight and were at least 5 months old. Thej' were kept in individual 
cages. The quantitj" of the adequate diet given to the controls was determined by 
the amount of the same diet consumed by a normal group of rats in a previous 
experiment (tables 1 and 2). This was on the average 3.4 per cent of the body 
weight dailj'. The partially starved rats were given one-half this amount, or 
1.7 per cent dailj-, and’ those completely starved were given only water. In order 

4. Alorpurgo, B. : Sull processo fisiologico di neoformazione cellulare durante 
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nutrition: Biological and Sociological Study of Inanition, New York, E. P. 

Dutton & Co., 1923. 

6. Howes, E. L., and Harvey, S. C.: The Age Factor in the Velocity of the 
Growth of Fibroblasts in the Healing Wound, J. Exper. Med. 55:577 (April 1) 
1932. 
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to establish definitely the malnutrition before the wound was inflicted, the partially 
starved animals were placed on the diet one week before operation, but those 
completely starved were for obvious reasons not placed on their water diet until 
the day before operation. 

The young rats selected were under 2 months of age and weighed 78 Gm. on 
the average. The controls of this group were given a normal dietarj" intake of 
13 per cent of the body weight daily (table 2), and consequently those partially 
starved received 6.5 per cent daily. Again, those completely starved were given 
only water. It will be noted that these young rats were given four times the 
quantity of the ration allowed the adults, but both groups received equivalent 
amounts in proportion to their requirements. Young rats need four times as much 

Table 1. — Standard Balanced Diet (Smith and Mo'ise) 





Calories 

Apportionment of 



Percentage 


per Kg. of 

Total Calorics, 



Composition 


Pood 

per Cent 


Oasein 


IS 

73S 


. 13.8 

Starch.... 


51 

2,091 

Cnrboiiydrntc 

. 39.2 

Oxlseo 


22 

2.046 

Pat 

. 47.0 


Ood liver oil 5 465 

Saits (Osborne and Mendel mixture).. 4 

6,340 

Lettuce twice a week 
70 mg. of yeast daily 


Table 2. — Consumption of Food and Variation in Weight of Young and Adult 

Rats on the Standard Diet * 



Adult Knts 

Young Rats 

f 

Start to 



Operation 

Start to 

Operation 


Operation 

to Death 

Operation 

to Death 

DifTorcnce in weight per day, per cent 

+0.26 

■ — 0.45 

+4.1 

+3.1 

Food consumed per day, per cent 

4.3 

2.5 

12.0 

11.0 


Av. 3.4 

Av. 11.5 

Protein consumed per day, per cent 

0.75 

0.45 

2.2 

2.0 

Calorics of food consumed per day, per cent... 

23.0 

13.0 

59.0 

55.0 

Calories of protein consumed per day, per cent 

3.1 

1.7 

8.1 

7.5 


* Tile calculations are based on the percentage of body weight at the start of the c.xperi- 
ment. The data are compiled after Towes and Han'cy.” 


food as adults (table 2). The weights of both the adult and the young rats com- 
pletely starved were recorded daily, while those only partially starved were weighed 
every third day. 

The details of wounding the stomachs and of testing the healing strengths at 
regular intervals have been given elsewhere.7 Essentially, it consisted in making 
a wound 1 cm. in length through the wall of the cardiac or rumen portion of the 
stomach. This was subsequently sutured in two layers with no. 000 plain catgut, 
approximating first the squamous cell layer and then the muscularis and serosa. 
After the animal was killed at the given postoperative, interval, the strength of the 
wound was determined by finding the amount of air pressure necessary to rupture 
it. The machine developed for these observations was the same as that used in 
former studies.® 

7. Harvey, S. C, and Howes, E. L. : Effect of High Protein Diet on the 
Velocity of Growth of Fibroblasts in the Healing Wound, Ann. Surg. 91:641 
(May)’ 1930. 

8. (a) Harvey, S. C. : The Velocity of the Growth of Fibroblasts in the 

Healing Wound, Arch. Surg. 18:1227 (April) 1929. (b) Harvey and Howes.' 
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Postiiiorlcm studies were made not only of the wound but of the organs of the 
body. Microscopic sections were prepared where deemed necessary. 

In the previous investigations it w.as found that the curve of strength of the 
wounds plotted at daily intervals showed three distinct phases of healing (chart 1). 
The first phase was marked by a latent period of four days during which the wound 
had only the strength imparted to it by the sutures and the deposited fibrin. During 
the second phase, from the fourth to the tenth day, fdjroplasia developed and 
strength increased rapidly. In the third or final phase, from the tenth to the four- 
teenth days, some of the wounds became stronger than the surrounding tissues, and 
consequently, the points of rupture were elsewhere than in the wound. On the final 
day of this third phase, all of the wounds became stronger, and, therefore, this day 
was considered the end-point. Because we found that the presence of the sutures 
caused variability in the strength determinations during the first phase, in this 
experiment we did not seek the readings over this interval. Likewise, we omitted 

rnjvjn n 



Chart 1. — Typical healing curve for wound of the stomach: A to B, period of 
fibrinous healing ; B to C, period of fibrous healing, ruptures in the wounds ; C to 
D, continuation of fibrous healing, ruptures in the wounds and elsewhere in the 
wall of the stomach. 

the final period for manj- readings were obtained in this phase which gave the 
strength of the wall of the stomach and not that of the wound. It was deemed 
highly important, however, to note the day on which rupture of the stomach other 
than at the site of the wound began to occur. As a result, -our determinations 
concern themselves only with the phase of fibroplasia. In order to reduce individual 
biologic variations undoubtedly existent, the strengths of five different wounds in 
the stomach were averaged for each twenty-four hour postoperative interval from 
the fifth to the tenth days, inclusive. With these averages, curves were constructed 
in the manner previouslj' described.®” 

RESULTS -MCD COMP.^iRISOX OF THE CURVES 

Adult Rats. — A. Completely Starved Group (table 3) : The adult 
rats withstood complete starvation until the tenth day; one died on 
the eighth day, two on the ninth and four on the tenth. The one 
remaining alive on the tenth day was extremely weak and lethargic. 




850 


ARCHIVES Of SURGERY 


The curve for healing strength of their wounds was soinewliat 
different than those for the other adult rats (chart 2). All the curves 
were practically the same until the fifth day, but on the following two 
days the rate of ascent of the curve for starvation fell below the other 
two curves. This decrease in the rate was of short duration, however, 
for on the eighth and ninth days of healing, the curve again mounted 
more rapidly and the strengths registered were greater than those of 
the rats receiving the half caloric diet and the full diet. During the 
entire nine days of starvation, the final phase of the curve for healing 
strength was not reached, but then this period was not gained in the 


Table 3. — Average Strengths of Stomach JVounds for Adult Rats* 



On Standard Diet 

With Starvation 

With Partial Starvation 

Post- 


Standard 


Standard 

' 

standard 

operative 

Mm. of 

Deviation of 

Mm. of 

Deviation of 

Mm. of 

Deviation of 

Days 

Mercury 

tile Mean 

Mercury 

the Mean 

Mercury 

the Mean 

5 

71.0 

± 5.0 

72.0 

± 0.0 

00.0 

± 7.0 

G 

107.0 

± 0.0 

93.0 

± 0.0 

D6.0 

± 0.1 

7 

135.0 

± 5.0 

133.0 

±11.0 

100.0 

± 0.0 

S 

113.0 

G.S 

101.0 

±10.0 

117.0 

± 0.0 

9 

153.0 

±10.0 

171.0 

± S.O 

151.0 

± 0.0 

10 

150.5 

± 7.0 

Death 


155.0 

±10.0 


I’inal period I'inal period 


• Ail of tlio breaks occurred in the wounds. 


Table 4. — Percentage Loss in Body Weight of the Adult Starved Group 


Postoperative Days 

Percentage 

Postoperative Daj’S 

Percentage 

1 . 

7,8 

c 

0.9 

9 

0,2 

7 

.... 1.5 


5.0 

s 

1.0 



4 

5.7 

9 

3.0 


5.7 

ID 

2.8 



curve representative of the full diet until the tenth day. It can be 
concluded, therefore, that although this curve for starvation was some- 
what different in form than the curve for the controls, yet m 
general the rate of healing of these wounds was not markedly changed 
from the normal rate. 

Determinations of the losses in weight of these rats calculated from 
the weight at the onset of the stud}'^ showed that the average percentage 
loss of bod}" weight was more rapid during the first day (7 per cent), 
and that the amount lost decreased daily as starvation progressed 
(table 4). These rats drank only a minimum amount of water. At 
autopsy, the incidence of wound infection in this group was but 2 per 
cent, or identical with that found in the controls. The postmortem 
obserr’ations sul)stantiated the observations on loss of weight, for m 
everv case body fat was either entirely absent from the usual depots 
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or reduced in amounts as to he found with difticulty. All skeletal 
muscles were in an advanced state of atrophy, and practicallv cverv 
stomach contained a large hair hail. 

B. Partially Starved Group; The curve of healing in these animals 
did not differ markedly from the curve for the controls, except for 
some slowing of the rate on the si.xth and seventh day (table 3 and 
chart 2). The average daily loss in body weight was appreciably less 
than in the completely star\-ed group, being here hut 3 per cent or about 





Chart 2. — Strength ot stomach wounds for adult rats. Note the greater rate of 
healing on the seventh to the eighth days in the curve for starvation. 

half that observed on complete starvation. The incidence of infection 
was, however, liigher than that found with starr-ation, 8 per cent 
being found in the abdominal wounds and 3 per cent in the peritoneal 
cavities. At autopsy, more fat was observed in the depots, and there 
was decidedly less muscular atroph)" than had been found in the 
completely starved animals. Taking the progress of healing in its 
entirety, partial starr-ation did not retard the rate of the healing of 
the wounds in these adult rats. 

Young Rats. — A. Completely Starved Group ("table 5) : The young 
rats did not withstand complete starr’-ation long enough for their wounds 
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to give satisfactory determinations of healing strength. None of the 
animals lived longer than the fifth day postoperatively, and the majority 
died on the fourth day. Wounds tested in two surviving animals on 

Grams 



Chart 3. — Strength of stomach wounds for young rats. 

Table S. — Average Strengths of Stomach Wounds for Young Rats* 


On Standard Diet With Starvation With Partial Starvation 

K J -—* • 


Post- 

' 

Standard 

/ 

Standard 


Standard 

operative 

Sim. of 

Deviation of 

Mm. of 

Deviation of 

Mm. of 

Deviation of 

Cays 

Mercury 

the Mean 

Mercury 

the Mean 

Mercury 

the Mean 

4 

7G.0 

± 2.0 

78.0 

± 3.0 

7C.C 

± 0.f» 

5 

102.0 

■+" G.O 

Death 


103.7 

± s.o 

6 

140.0 

± 9.0 



113.2 

± s.o 

7 

17S.0 

±10.0 



123.0 

~f* G.7 

s 

192.0 

7.0 



120.0 

± 3.7 

9 

Final period 



123.3 

± 9.0 

10 





140..0 

d: 2-7 

u 





1*13.2 

-t-M.O 

12 





152.0 



* All of the hrenVs occurred in the wounds. 


the fourth day had only the strength given to them by the sutures and 
fibrinous deposits. There was no evidence of fibroplasia microscopically. 

B. Partially Starved Group: The plotted determinations of the 
healing strength of the wounds for this group had the same general 
trend as the controls until the fifth dav ftable 5, chart .3)., After this 




IlOin-S IIT AL.—l-lBROri.ASIA IX IIIIAUXG WOUND SS3 


day, however, the rale of repair tell oft rapidly, and the increase in 
strcnrjlh ot the woniuis from day (o day was so sniall tiiat tlic curve 
tended to flatten out. Ilealiii" was so retarded that the entrance of 
the curve into its final period was not reached during thirteen days of 
testing. In the last few days the strength even fell below that for the 
adult control. This was an astounding result for the rate of fibroplasia 
in young rats has always been found to be greater than in adult rats.*^ 
Unlike the adults who had shown but little desire to move about, 
these young animals were ver\' active. In fact, at times it seemed as 
though they were in a state of tetanj'. The slightest noise would cause 
them to jump to the tops or sides of their cages. They also drank 
more water than the controls, and despite an average daih' loss in body 
weight of 1.9 per cent, they continued to grow in body length (table 6). 
The incidence of wound infection was 5 per cent both in the abdominal 
wall and in the peritoneal cavity. 

T.\nLE 6. — Weight Data for Young Rais Partially Starved 


Initial Body 
Weight, Gm. 


Four tiny.' "G 

Five days TO 

Six dnys n 

Seven days " 

Eight days 5G 

KIne days SG 

Ten dnys 71 

Eleven days SG 

Twelve days 7S 


Average daily per eent weight lost 


Final, 

For Cent 

Daily per Cent 

Gm. 

Lost Daily 

Weight Lost 

71 

G.G 

1.6 

G6 

13.2 

2.6 

CO 

15.5 

2.0 

65 

15.C 

9.9 

45 

18.2 

9.9 

71 

17..1 

1.9 

Oi 

19.7 

1.9 

CO 

23.3 

2.1 

71 

D.O 

0.S 



1.9 


COMMENT 

The comparison of the curves for the wounds of the adult rats 
indicates that the rates of fibroplasia were practically the same under 
all three dietary conditions. This proximit}' of the three cur\-es demon- 
strates that an acute state of malnutrition can exist in adult rats with- 
out appreciably affecting the rate of repair of soft tissue. It is highly 
probable that the explanation of this ability of the wound to heal in 
spite of caloric deficiencies of the diet lies in the compensating mecha- 
nisms of metabolism known to occur in association with inanition.® 
The time required for exhaustion of the various essential food elements 
during complete or partial star\-ation depends on (1) the amounts of 
these substances consumed in the diet, (2) the amounts available within 
the body as stored reserves and (3) the rapidity with which they 

9. Benedict. F. G. ; A Study of Prolonged Fasting. Washington. D. C., 
Carnegie Institute, bull. no. 203, 1915. Jackson, C. AI. : The Effects of Inanition 
and Afalnutrition upon Growth and Structure, Philadelphia. P. Blakiston’s Son & 
Co.. 1925. 
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are consumed. The exact character of the effect of complete or partial 
inanition, then, is exceedingly variable in a group of animals. Exhaus- 
tion of all essential food elements at the same time is absolutely impos- 
sible. It is recognized that for a varying period of time the nutrient 
level of the blood is maintained b}'^ the mobilization of foodstuffs from 
the resei've depots. The glycogen of the liver is said to be utilized 
first ; secondly, the depot fat, and lastly, the proteins in the tissues. 
The extent of metabolic adjustment is dependent in part on the caloric 
insufficiency of the diet; consequently less metabolic adjustment vas 
necessary in the partially starved rats and there was found less depletion 
of body fat and no atroph}'- of the muscles. This was borne out 

the losses in weight, for the greater losses were in the completel}" 
starved rats. 

The irregularity of the rate of ascent of the curve for starvation 
in the adult rats suggests that a multiplicity of factors affected it. The 
selection of the animals with their variations in their original food 
reserves might offer a possible explanation for this irregularit3^ But 
even if this selection were given all the credit due to it for maintaining 
the rate of repair, the important conclusion cannot be escaped that 
in general the rate of healing in adults was not decreased by starvation. 
This point is particularly well emphasized by the degree of healing 
strength attained by the wounds of the animals in extreme starvation 
on the eight and ninth day. 

Studies on protein metabolism during starvation have shown that in 
the first two days of complete fasting the excretory products of nitrogen 
increase, but subsequently they establish themselves at a constant level. 
In the final days of starvation, the metabolism is almost all if not 
entirely protein, for there is again a definite increase in the I'ate of 
tissue destruction, and during this period, therefore, there would be an 
increase in the available amounts of amino-acids. It is more than pure 
theorjq then, when we assume that the increased rate of healing during 
the final days of starvation was caused b}' this accelerated metabolism of 
proteins. To substantiate this there is the work of Carrel and Baker, 
who have shown that in tissue cultures proteins are the necessar}’ 
stimulants for cell proliferation, and Clark and Harvey and Howes ' 
have demonstrated that an increased quantity of proteins in the diet 
stimulates the rate of healing of the wound. 

Another possible explanation for the terminal increase in the rate 
of healing of the wounds in the completely starved adult rats may lie 
in the clianges in the acid-base equilibrium known to occur during the 

10. Carrel, A., and Baker, L. E. : The Chemical Nature of Substances Required 
for Cell ^[ultiplication, J. Exper. ^fcd. 44:503, 1926. 

11. Oark, A. H. : The Effect of Diet on the Healing of Wounds, Bull. Johns 
Hopkins Hosp. 30:117, 1919. 
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cOiicUulinu: day? of ^larvaliim. AUlidiigh true acidosis has never been 
satisfactorily demonstrated in rats, tlie starvation they underwent 
undotihtedly reduced their alkaline reserve, and it such is the case, it 
would seem that the findings of I lernnannsdorfer would cxj)lain the 
increased rate of repair. I lerrmaimstlnrfer found that if an alkaline 
diet was rtiven to patients with wounds, healing was delayed, while 
the reverse w.as true with an acid diet and when there was partial 
acidosis. 

In addition, the flisturhed nuclear ratio must not be forgotten as 
a possible factor stimulating healing of the wound during these terminal 
days of starvation. W’e have mentioned before the theory that starva- 
tion increases the rale of ceiiular division by decreasing the nuclear- 
cytoplasmic ratio. Cells in which tliis change has taken place approach 
an embryonic slate wherein the cytoplasm is riuantitatively reduced 
while the nuclei remain unchanged. The result is an accentuation of 
mitosis in an effort to restore the ratio. 

E.xactlv which of tliese factors controlled the increased rate of 
healine in the last two davs of starvation, we do not know. It is 
evident, however, that the increased rate during the final two days was 
caused by some disturbed mechanism produced by complete starvation, 
for it did not occur with partial starvation. Perhaps, tliough, we are 
giving too much credit to the role of the general metabolism in the heal- 
ing of wounds. We have not forgotten the importance of local condi- 
tions in the healing wounds, but wish only to emphasize the influence 
of the general metabolism. This point of view is supported by the 
works of Clark and Herrmannsdorfer.’- 

Some may consider that the stomachs of the completely starved rats 
were more at rest than those of the partial!}' starved rats, and that 
thus an inhibiting factor was removed allowing cells of less prolifera- 
tive power to heal at a normal rate. That cells do not have less but 
actually more proliferative power during starvation we have already 
mentioned. Besides, Howes has shown that it is not so much freedom 
from function that aids healing as freedom from irritation. In the 
stomachs of these completely starv^ed rats we found hair balls, and it 
has already been postulated by Pappenheimer and co-workers that 

12. Herrmannsdorfer, A. ; Ueber den Einfluss der Nahrung auf die Puffer- 
kapazitat des Blu'tes und den Heilverlauf und Kelmgehalt granulierender Wunden. 
Deutsche Ztschr. f. Chir. 200:534, 1927. 

13. Howes, E. L. : Der Einfluss der Nahrung auf den Heilungsablauf von 
Hagenwunden, Beitr. z. path. Anat. u. z. allg. Path. 88:435, 1932. 

14. Pappenheimer, .A.l\vin !M., and Larimore, Louise D. : The Occurrence of 
Gastric Lesions in Rats : Their Relation to Dietarj- Deficiencj- and Hair Ingestion, 

T. Exper. Med. 40:719 (Dec. 1) 1924. 
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hair in the stomach produces sufficient irritation to cause ulcerative 
lesions, providing there is some deficienc}'^ of the diet. Yet the presence 
of these hair balls with their possible irritation and distention of the 
stomachs did not retard healing. The difference in the amount of rest, 
then, did not allow cells of less proliferative power to heal at a normal 
rate. It is true that rest is of great importance in wound healing in 
general, but one which we are inclined to discount to a large extent as 
an influencing factor in this study. 

The fact that the different diets did not influence the rate of healing 
emphasizes the great range in the amount of food in the stomach over 
which wounds in this organ will heal. While on the one extreme healing 
was not appreciabl}’’ changed by starvation, yet on the other it was 
not impeded by the digestion of a full diet. Clinically, this has been 
known for some time. In America it is the practice in gastric cases 
to reduce the diet markedly postoperatively over a longer period of 
time than in most European clinics. In France and Germany the ration 
is more liberal, and the patients are returned to their normal diet much 
more quickly than they are in this country. Both methods can be 
used because of this ability of the wounds of the stomach to heal under 
great variations in the amount of food contained. Of course, the 
postoperative dietary regimen would be most ideal if it would maintain 
the nutritional state of the patient at an optimum. However, the one 
drawback to a rapid return to a normal diet is the presence of infection. 
McWhorter, Stout and Lieb found that infected wounds of the 
stomach and intestines leaked along the suture lines with the slightest 
increase of intravesicular pressure. Even the breaking strength of 
an intact diseased bowel, Senn found, was reduced to pounds 
(0.75 Kg.) from the normal of from 6 to 10 pounds (2.7 to 4.5 Kg-) 
per square inch established by Andrews,^’' Early feedings, therefore, 
should be no larger than absolutely necessary, if infection is suspected. 

Attention must be called to the fact that the malnutritions estab- 
lished in these experiments were caused by complete starvation and 
by partial limitation of an adequate diet over a short period of time. 
The results, therefore, are only applicable to these two conditions, not 
to malnutritions arising from other causes. Our conception of the 
optimum diet for growth is rapidly evolving, and perhaps this diet 
which we thought adequate here may later prove to be -entirely inade- 

15. McWliorter, J. E. ; Stout, A. P., and Lieb, .C. C: The Process of Repair 
in Wounds of the Small Intestine, Stirg-., Gynec. & Obst. 23:80 (July) 1916. 

16. Senn, Xicholas: E.xperimcntal Surgery, Chicago, W. T. Keener, 1889. 

17. .Andrews, E. A\b-il.vs: Pneumatic Rupture of the Intestine, A New Type of 
Industrial .-Vccident, Surg., Gynec. & Obst. 12:63, 1911. 
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qiiatc. Moreover, we are only hc.qinning to know wliat constitutes tlie 
optimum clict for the healing of wounds. 

The effect of complete and partial starvation on the healing of 
wounds in young rats was quite different from that found in the adults. 
With complete starvation, life was not maintained long enough for 
satisfactory determination of the breaking strength of the healing 
wounds. With partial starvation, healing progressed at the usual rate 
until the fifth day, and then it definitely became slower. As a result, 
the entire length of healing time was prolonged. 

The explanation of this slowing of the healing rate after the fifth 
day is difficult. In the adult animals the deficiency of the diet given 
was compensated for by changes in the endogenous metabolism. Of 
course, there must have been similar compensating mechanisms in the 
young. However, because of the greater demands for food for growth, 
the available food depots were more quickly depleted. Yet, even with 
tins greater demand it is difficult to imagine that the slowing of 
the rate of healing was caused by a general change in the compensating 
mechanisms diverting the food substances away from the wound and 
toward the general maintenance of the body. In the adult rats, it will 
be remembered there was no such change and healing progressed at 
the usual rate even until the entire endogenous metabolism was 
exhausted. A more fitting explanation, then, would be an exhaustion 
of some food elements or element capable of stimulating and main- 
taining cellular proliferation, yet not effective during star^^ation. The 
answer to these criteria would be a deficiency of vitamins. A defi- 
cienc}^ of vitamin B could have been easily established within the time 
limits of these experiments ; it would not have existed during complete 
starvation, and would not have appeared in such a short time in the 
adult rats during partial starv'ation. Besides, the state simulating 
tetany described for these animals when partially starC'ed is quite similar 
to the state described for early vitamin B deficienc)'. Roegholt was 
disappointed in his efforts to produce change in the rate of healing of 
epithelial wounds during vitamin A deficienc}’^, but even if he had found 
such a change, a deficiency of vitamin A could not have been established 
in less than thirty or forty days. A vitamin A deficiency, then, can 
be fairly well ruled out. Of course, the relation of the partial depriva- 
tion of other food substances in the diet, the proteins and salts, is 
difficult to evaluate, particularh- in their relation to vitamin deficiencies. 
As far as we know a partial deficienc}’^ of proteins or salts does not bring 
about a difterence in the rate of healing because of the compensating 

IS. Roegholt, N. : Effect of Vitamin A. on !Myelopoiesis and the White Blood 
Picture and Its effect on Wound Healing, Nederl. tijdschr. v. geneesk 2-3744 
(.A.ug. 10) 1929. 
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endogenous metabolism, but because the proteins arc so necessary for 
growth and for healing of the wound, and because they are not utilized 
during a vitamin deficiency, an interrelation of these two food substances 
is suggested. 

We give no apology for this theorizing over the relation of healing 
of the wound and vitamin deficiencies, because we are, at present, 
investigating the effect of the vitamins on the basis of this theory. 
Later we hope to have some definite proof. 

Because of the recognized difficulty of interpreting the significance 
of infections of the wound in rats, a consideration of the different 
incidences observed on the three diets studied has purposely been 
omitted. The data were simply accumulated as a matter of routine. 

SUMMARY 

In adult rats the rate of return of healing strength in wounds of 
the stomach was not appreciably affected by complete starvation. 
Neither was it affected by giving one-half the required amount of an 
adequate diet over a short period of time. On the other hand, the 
healing of wounds in the stomachs of young rats was decidedly retarded 
by giving only one-half the required amount of an adequate diet. 
This retardation in healing of the wounds in the stomachs of young 
rats can possibly be explained -by a reduction either separately or in 
combination of certain elements of the diet. The most probable ele- 
ments are the vitamins, especially in relation to the deficiency of 
proteins and salts. The study demonstrated conclusively the remarkable 
ability of wounds of the stomachs of adult animals to heal in spite of 
great variations in the amount of food consumed. This ability explains 
the clinical success of various postoperative dietary regimens which 
differ in the time when feeding should begin and the amounts of food 
that should be given. 



SPASTIC PARAPLl-XiIA IX ACHONDROPLASIA 


K. FKRUXD, M.D. 

IOWA CITY 

In discussing the well known patliologic entity of achondroplasia, 
the textbooks mention that the disturbance in growth takes place in 
the hones of the extremities and in those of the pelvis and the skull, 
and point out that the spine is usually not involved in the process. But 
it is known that achondroplastic infants are frequently stillborn, and 
in these cases the spine also may demonstrate marked, even the severest, 
disturbances of growth, so that the trunk and the extremities together 
may not be more than one and one-half times the length of the skull. 
In these cases there is a premature bony union between the vertebral 
body and the neural arch, bringing about a narrowing of the spinal 
canal, which is probably the cause of death in the achondroplastic fetus. 
The foramen occipitale magnum especially seems to be narrow, thus 
causing a compression of the medulla oblongata. 

Generally, there is no marked difference in the length of the spine 
of an achondroplastic person and that of the spine of a normal person, 
so that when an achondroplastic person is sitting he may appear per- 
fectly normal (Sifcricscu) . It is known, however, especially since the 
investigations of Breus and Kolisko,^ that the growth of the neural arch 
in the achondroplastic spine ma)’’ be markedly disturbed. One sees 
here a narrowness of the spinal canal, especially in the frontal diameter 
and in the sagittal diameter. Breus and Kolisko found this to be the 
case. By measuring two achondroplastic skeletons, Donath and Vogl - 
ascertained that in the same spine the foramina of some segments were 
narrowed in the frontal direction, others in the longitudinal direction 
and still others in both directions, to almost the same degree. 

Carrying out further investigations on achondroplasia, Donath and 
Vogl found that there is always a more or less marked change in the 
physiologic lordosis at the dorsolumbar region, and that only in this 
region (from the twelfth dorsal to the third lumbar segments) do the 
bodies of the vertebrae show a more or less pronounced wedging. In 
their series of seventeen adult achondroplastic dwarfs, the}" 

From the Department of Orthopedic Surgerj", State University of Iowa; 
Service of Dr. A. Steindler. 

1. Breus, Carl, and Kolisko, Alexander: Die pathologischen Beckenformen, 
Vienna, Franz Deuticke, 1900. 

2. Donath, J., and Vogl, A.: Untersuchungen fiber den chondrodystrophischen 
Zwerg\\-uchs, Ztschr. f. d. ges. Neurol, u. Psychiat. 111:333, 1927. 
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found varying degrees of kyphosis. yVnothcr seventeen showed flat 
backs, and only seven a distinct gibbus. In the light of these findings, 
the statement of Murk Jansen “ that achondroplastic patients always 
have a dorsolumbar kyphosis seems to be exaggerated. 

Narrowness of the spinal canal and k 3 'phosis of the dorsolumbar 
region can bring about a lesion of the spinal cord, depending on the 
degree of development. These deformities may be so marked that life 
is incompatible with them, and so death occurs at birth or soon after 
birth. If there are, however, cord symptoms in an adult achondroplastic 
patient, these symptoms cannot, as already pointed out by Albrecht 
and Ranzi ^ and by Donath and Vogl,- be due to the spinal deformity 
alone. The following facts support this statement: 

1. There are relatively few cases with lesion of the cord reported as 
compared to the incidence of spinal deformities. 

2. In the few cases that have been reported, the symptoms appeared 
after bony growth of the spine had stopped. For this reason, the 
achondroplastic disturbance of growth itself cannot be looked on as 
the cause of the paraplegia. There must be something more. 

CASES FROM THE LITERATURE 

The following cases, which show a relationship between achondro- 
plasia and neural symptoms, are to be found in the literature. 

Case 1 (Falta,® 1913). — A boy, aged 17, presented the following symptoms, 
ease of fatigue, paresthesia of the lower e.xtremity, flexion contracture of the 
knees, spasticity and disturbed sensibility from the level of the costal margin down- 
ward. Falta ascribed these symptoms to an achondroplastic disturbance of growth. 

Case 2 (Maas,® 1920). — A woman, aged 71, was symptomless until the age 
of 61, when bladder tenesmus and difficulty in walking developed. There were loss 
of reflexes and hypesthesia in the lower extremities. The author does not give a 
complete clinical or autopsy report. The photograph of the patient’s skeleton 
seemed to show that there was a definite decrease in the height of the first lumbar 
vertebra, together with marginal exostoses of the lumbar spine. 

Case 3 (Kemenyffi,'^ 1924. — An entire family had achondroplasia (the father 
and eight children). The father showed positive Babinski and Oppenheim signs 
in later years. 

3. Jansen, Murk : Das Wesen und das Werden der Achondroplasie, Ztschr. f. 
orthop. Chir. 32:1, 1913. 

4. Albrecht, O., and Ranzi, E. : Kompressionsmyelitis bci Chondrodystrophie, 
Wien. klin. Wchnschr. 39:1241 (Oct. 21) 1926. 

5. Falta, Wilhelm: Die Erkrankungen der Blutdriisen, Berlin, Julius Springer, 
1913. 

6. Irfans, O. : Beitrag zur Kenntnis des Zwergwuchses, Ztschr. f. d. ges. 
Neurol, u. Psychiat. 57:196, 1920. 

7. Kemenyffi, quoted by Donath and Vogl.= 
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Cask. A ( Albroclit and Kan?,!,' 192d). — A man. ajicd 4.S. was symptomlcss nnlil 
40 years n! a^c. when cramps slowly <lcvclo|)c(I in the lower extremities and para- 
plegia occurred. He was nnahle to walk and had become bedridden for a period 
of one year ])rior to admission. From time to time he was incontinent. A diag- 
nosis was made of transverse myelitis with a disturbance of sensibility below the 
first lumbar segment. Roentgenograms of the spine showed a slight kyphosis at 
the level of the twelfth dorsal vertebra, the height of which was somewhat dimin- 
ished. The entire Inmhar and lower dorsal vertebrae showed marginal c.xostoses, 
Ixjth anteriorly and laterally. I’ecanse the transverse myelitis was thought to he 
caused by an extramedullary factor, laminectomy of the tenth, eleventh and twelfth 
dorsal vertebrae was performed. The posterior arches were found to be made up 
of tough bone, which made their removal diflicult. There was no pulsation of the 
dura, but it protruded markedly from the operative gap, suggesting that the spinal 
canal was too narrow for the dural sac. At the level of the tenth dorsal vertebra 
there was found a circular constriction of the dura. An incision was made through 
the dura below this constriction, which revealed adhesions between the dura and the 
Icptomcniugcs, There was no tumor, but there was a marked softening of the 
spinal cord for a distance of about 1.5 cm., corresponding to the constriction. A 
probe was passed and met with no obstruction. The progress of the patient was 
remarkable, and improvement was noted on the first day after operation. The 
retention catheter was removed soon after the operation, and the patient subse- 
quently walked with the aid of tripods. 

Case 5 (Donath and Vogl,^ 1927). — A man, aged 57, had had a marked gibbus 
since birth. Six months prior to admission he noticed increased stiffness of the 
left lower extremity and difficulty in walking. He was incontinent, and tenesmus 
was present. Later, the right leg became involved, and he was unable to walk. 
The Wassermann reaction was positive. A diagnosis of a syphilitic process of the 
spinal cord in the region of the gibbosity was made. Antisyphilitic treatment was 
given, but without improvement. Laminectomy was refused by the patient. Death 
at a later date was due to sepsis, arising from a furuncle on the lip. Postmortem 
examination was performed bj- Professor Erdheim and showed, among other facts, 
the following ; 

To save the spinal cord for microscopic investigation and the vertebral spine 
for maceration, vertebra for vertebra was disconnected individually and the spinal 
cord isolated. All of the vertebral foramina were extremely narrow, so that the 
spinal cord filled the spinal canal completely. At the level of the eleventh dorsal 
vertebra the spinal cord was somewhat thinned out and softened. There was gray 
degeneration of the posterior columns ; there was a severe angular k 3 'phosis at the 
region of the twelfth dorsal and first and second lumbar vertebrae. All of these 
vertebrae were wedge-shaped, especially the first lumbar, the anterior half of which 
was missing. Its upper and lower surfaces formed an angle of 90 degrees. This 
deformitj' brought into contact in their anterior portions the twelfth dorsal and 
the second lumbar vertebrae, which were also wedge-shaped, though to a lesser 
degree. These three vertebral bodies showed marked marginal exostoses. 

Where the spinal cord was thinned out there was not onh' narrowing of the 
intervertebral foramina, as was found in all the other segments, but there was 
additional narrowing due to the presence of matginal exostoses of the intervertebral 
joints between the tenth and eleventh dorsal vertebrae. Erdheim believes that 
these marked arthritic changes arise as a result of the unusualh' large compensa- 
tory range of motion in these joints. There was practically no motion in the area 
between the twelfth dorsal and the third lumbar vertebrae because of fibrous and 
even bony fusion of the spinous processes. The articular processes were rudi- 
mentar\-. 
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Case 0 (Wegcr and Nissciibaum,'* 1929). — A niaii, aged dO, had a neuropathic 
constiliilion, and liad shown iiolyncuritic syinptoin.s for a period of three years. 
The upper and lower extremities, the muscles of the face, the abdomen and the back 
were involved. There was marked inii)rovcment after two months of pliysical 
therajjy. Tlie authors expressed the belief that the symptoms were due to sponclyl- 
artiiritic changes in the luml)ar spine and to the jiresence of bilateral rudimentary 
cervical ribs. This is in accord with the views held by Albrecht and Kanzi and 
by Donath and Vogl. 

I'he six cases cited show a relatioii.shij) between achondroplasia and 
neural symptoms of tlie lower extremities. Of these, only three (the 
ca.ses reported by Falta, Albrecht and J^anzi and IDonalh and Vogl) 
can he considered as typical. The others are not sufficiently well 
reported to warrant any definite conclusion. 'J'he case reported by 
Weger and Nissenhaum obviously does not belong to tins group; it 
certainly rei)resent.s a nervous lesion of epfite another character. Ihc 
best contribution is undoubtedly that of Donath and Vogl, because, on 
the basis of Frdheim’s postmortem e.xamination. they cleared up com- 
pletely the relationshij) between achondro])Iasia and the lesion of the 
spinal cord. 

author’s cASic 

'j'he following case is one of chondrodystrophy with ])araplcgia in 
which, as in the case of Albrecht and Kanzi, a laminectomy was j)er- 
formed, but unfortunately with less success. 

A typical female choiKlrody.stroi)hic dwarf, aged 21, with marked kyi)hosi.s at 
the dor.solumbar region, wa.s admitted to the hospital in January, 19.31. Since 
.'\])ril, 19.30, she had noticed an inability to lift the left foot off the ground. This 
symptom became more iironounced ; there was marked pain in the left leg, and 
she noticed a tendency to twitching. On physical examination, a slight atrophy of 
the left lower extremity and marked spasticity, which was also present on the right 
•side, but to a lesser degree, were found. The knee jerks were hyperactive; there 
was a definite ankle clonus on the left side. There wa.s disturbance of sensibility 
for all stimuli. Active motion wa.s markedh' diminished on the left side, and there 
was some impairment on the right. There was no tenderness over the kyphosis. 
Good control of the bladder and liowel was maintained. 'I'licsc findings suggested 
a lesion of the third lumbar segment of the spinal cord. 

Ixoentgenologic studies of the c.xtremitics and the skull revealed the signs typical 
of aeliondroplasia. 'I'lie spine showed a mild scoliosis to the left in the lumbar 
region and a marked angular kyiihosis of about 90 degrees in the dor.solumbar 
region, the apex of which was formed by the second lumbar vertebra, 'f be body 
of this vertebra was di.stinctly smaller than the adjacent bodies, and it was definitely 
wedge-shaped. There wa.s slight posterior displacement of this body. The lovver 
anterior jHirtioii of the first and the upper anterior jiortion of the third lumbar 
vertebrae were in apposition and showed in these areas considerable osteosclerosis 
and marginal exostoses, A larger marginal exostosis was also seen on the 
-uiierior suriai'e of the first lumbar vertebra on the right side. 

\Veg< r. .\, yf,. a„d Xissenbainn. M. W. : Zur Frage der Frkrankiing des 
Xersa iny^ti in', hei Choiidrfidystrophie. .Arch, f. Psycln'at. 87:49.8, 1929. 
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On ndinij-sion. Uic iintitiU \\n>. placed nn a frame, and traction was applied to 
the head with cmintertraction <'n the lower extremities. Some improvement was 
noticed. The reflexes returned to normal, and the cramjjs in the left calf disap- 
peared. This improvement. howe\er. was only temporary and was followed by 
recnrrence of all the symptoms. 

On March 25. I'l.ll. laminectomy was performed. The posterior arches of the 
twelfth dorsal and first and second Inmbar vertebrae were removed. The cord was 
found to he anpulated to ahout 70 deRrees. There was no pulsation. The dura 
formed a thin transparent membrane which was tight over the cord. A probe 
passed above and below this point met with iki obstacle. The dural sac was not 
opened. 



Lateral roentgenogram, showing the wedge-shaped second lumbar vertebra with 
its slight posterior displacement. The marked inclination of the first and third 
lumbar vertebrae, with the marginal exostoses on the anterior side, is evident. 


Following the operation, the patient’s condition became distincth- worse, and she 
presented the picture of a flaccid paraplegia. There was no active motion in the 
lower extremities. Total anesthesia was found in the left leg and on the inner 
side of the right leg. At this time, the patient complained of severe cramps in 
both legs. Bowel and bladder symptoms were marked. 

Because of these sj-mptoms, it was thought that there might be a hematoma, 
and the patient was reoperated on, but no hematoma was found. One month 
following operation the patient showed slight improvement. There was return of 
some motion in the toes of the right foot and in the flexors of both knees. At a 
later date, some sensation in both thighs reappeared. In September, 1931, a supra- 
pubic cystotomy was performed because of a purulent cystitis. 

.■\t the time of the last examination, in ICovember, 1932, the patient was able to 
walk on crutches with the aid of two long leg braces, but only a few steps. The 
retention catheter was still in place. 
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COMMENT 

This case can be classified as one of t^'pical lesion of the cord in an 
achondroplastic deformity of the spine. It is difficult, however, for me 
to believe, as did Falta, that the stenosis of the spinal canal alone is 
the cause of the lesion of the cord. If Falta’s supposition were true, 
it would be impossible for patients with achondroplasia to survive the 
period of bony growth of the spine. 

The part which the dorsolumbar gibbosity plaj's in the development 
of neural symptoms must now be considered. The gibbosity in the case 
reported b}’’ Donath and ^^ogl, as shown in the lateral x-ray film, was 
essentially the same as that of my patient. However, in Donath and 
Yogi’s case the gibbosity was at the level of the twelfth dorsal and 
first and second lumbar vertebrae, while in 1113^ case the deformity 
occupied the area of the first three lumbar vertebrae. In both of these 
cases the wedge-shaped vertebrae at the apex of the kyphosis showed 
a slight posterior displacement. As there is alread}" a narrowing of the 
spinal canal and there is no further space available for the spinal cord 
to escape au}'- extramedullary pressure, it would seem on first thought 
that this posterior displacement was the cause of the spastic paraplegia. 

There is ample reason to believe that as the patient grows older, 
posterior displacement becomes more and more marked. Lateral x-ray 
films of chondrodystrophic children with a marked dorsolumbar k}'pho- 
sis, as my associates and I have seen in this clinic, show deformities of 
the body of the vertebra at the apex of the k3q)hosis. But, at this 
stage, the vertebra still has an anterior area. On account of the high 
degree of kyphosis, it can be supposed that this deformed vertebra 
will later lose its anterior area complete!}'^ and form instead an anterior 
edge, as seen in Donath and Yogi’s and in m}'^ case. It is presumable 
that posterior displacement goes hand in hand with these changes through 
the 3^ears. 

That view also must have been the one held b}' Donath and 
Yogi. Furthermore, the}'^ believed that a S3"philitic process was 
likel}^ to develop in this area as a locus minoris resistentiae. 
With this supposition of a S3q)hilitic process, it is possible to e.xplain 
the fact that the sensor}^ changes in their patient corresponded to a 
lesion of the cord a segment or two above the level of the deformity 
in the spine itself. (The sensor}’^ changes of the bod}" pointed toward 
a lesion of the second lumbar segment, while the spinal deformit)" was 
at the level of the twelfth dorsal and first lumbar vertebrae, which would 
mean the third and fourth lumbar segments of the cord.) 

In lu}- case, the wedge-shaped and slight!}" posteriorly displaced ver- 
tebra was the second lumbar. A compression caused by this vertebra 
would give rise to a relatively small degree of sensory disturbance, for 



ih'nrxn—sr.'isi ic i'akapli-.c.i.i is achasdsaplasia .%5 


.'it this level there .'ire. nnrm.'illy. the cnmis tcrmin.-ilis .'ind the he.t,Miining 
(It the e.-uida Ihit. at the time of admission, mv ])atient already 

showed sensorv distnrhances pointiii" to a lesion altove the level of 
the i;ihhns. 

Consefjnently. in my case, as well as in the case reported by Donath 
and \’o,i,d. the clinical analysis indicated a lesion of the cord above the 
level of the u’ihhns. 'I'herefore. the lesion of the cord could not have 
been ])rodnced by tile wed.^e-shaped vertebra. Autopsy in their case 
showed this to he true. There was a compression of the cord due to 
the projection of mare'inal exosto.ses. These marginal exostoses were 
found protruding from the joints of the vertebrae adjacent to and 
above the deformity. .\t this level increased motion had taken place 
over a long iieriod of time as a compensation for the ])ractically lack- 
ing motion at the level of the gihhus. and therefore hypertrophic arthritic 
changes developed. 

Because mv case resembles in almost minute detail the case reported 
by Donath and \'ogl. it can be assumed that the same pathologic 
changes are jiresent as were found in their case at autopsy. Although 
my patient is still only 21 years of age. there is already definite evi- 
dence of spondylarthritis deformans, especially of the vertebral bodies 
at the level of the deformity. In the roentgenogram arthritic changes 
of the small intervertebral joints are not demonstrable, but that is not 
remarkable as it is known that these joints are difficult to demonstrate 
in the x-ray film. One can. therefore, only suppose the presence of 
arthritic changes in these joints. One cannot prove them. It might be 
well to emphasize at this point that the passing of a probe without 
obstruction into the spinal canal at the time of operation is not evi- 
dence against the existence of exostoses. The probe was passed pos- 
teriorly. The exostoses appear laterally and anteriorly to the cord. In 
the case reported by Albrecht and Ranzi, too, a probe could be passed 
without obstruction, but they, nevertheless, thought that spondylarthritis 
deformans was the cause of the lesion of the cord. It is known, from 
recent obsen^ations, that compression of the cord can be caused by 
marginal exostoses occurring in spines having a canal of normal width ; 
how much more likely is this to happen in the patient with achondro- 
plasia who has a narrowed vertebral canal. 

The question of therapeutic measures in these cases requires some 
discussion. In the case reported b)' Albrecht and Ranzi. certainly in 
point of deformity one of the mildest, laminectoni}- was followed b}- 
marked improvement of the symptoms. Although there was not com- 
plete recovery, the patient could walk again a short time of ter oper- 
ation. and he regained control of the bladder and the bowels. In the 
case reported by Donath and A’ogl, the patient refused laminectomv. 
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but the authors believe, because of l!ie autr)p.sy report, that removal 
of the projecting marginal exostosis would have given relief of the 
cord symptoms. 

In my case, conservative measures were userl bi-st, such as recum- 
bency and ti'action on head and legs, but without any lasting success. 
If one accepts as correct the mechanism of tlie lesion of the cord as 
previously explained, it is reall)' difficult to understand how a lasting 
relief could be obtained by conservative means. 

Because of the negative result of conservative treatment, laminec- 
tomy was finall}' })erformcd, but unfortunately it did not bring any 
relief ; on the contrary, it induced a flaccid paraplegia with paralysis 
of the bladder and rectum. It is not possible to give a satisfactoiy 
explanation for this fact on the basis of the operative history alone. 
One can understand that the laminectomy did not improve the symp- 
toms, but why it should bring about a complete transverse m3'elitis is 
difficult to comprehend. But. since a serious traumatization of 
the spinal cord during laminectonn' was out of the question, it may be 
that a minor trauma, as, for instance, sponging, produced the bad 
result, and that the tissue structure of the spinal cord was certainly 
softened at the time of operation. 

With this explanation, it is still believed that laminectomy is the 
only therapeutic measure which, on account of the anatomic conditions, 
gives some hope of improvement. The sooner it can be carried out 
the better. It should be performed at the region of the deformity and 
one or two segments higher up. If there are projecting exostoses of 
the intervertebral joints, the}' must be removed, and, if possible, a fusion 
of these points should be performed. The dura jnater should be 
opened in every case and should be kept 0])cn. It is not only the good 
result in the case reported by Albrecht and Ranzi that entitles me to 
this demand, but especially the result in one of Jaroschy’s " cases of 
scoliosis with compression of the spinal cord (these cases of scoliosis 
are in close relationship to cases of chondrodystrophy), Jaroschy per- 
formed in his case, first a simple laminectomy without opening the dura; 
there was no relief from symptoms after the operation. He therefore 
reoperated, opening the dura, and the patient showed good recovery 
from the symptoms. 

Finally, one has to consider whether some prophylactic measure 
could be carried out in cases of achondroplasia with severe dorsoluinbar 
kyphosis. As mentioned, it is to be taken for granted that there is a 
gradual increase of deformity with the years. I’hc secondary, marked, 
arthritic chang-es which may occur in early years are undoubtedly a 

9. Jaroschy, W. : Uchcr Spatschikliguiig des Riickenmarks hei koiigcnifalcr 
Skoliosc iind ihre operatih'c Bciianciiunpr. Bcitr. z. klin. Chir. 129:.'548, 1923. 
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can !)i- latrr mi. wiih a jm'-'-ihU- U^imi <ii ilu- cord, it ^ccins 

Ii'.uical to jTi tmni :\ ]<! m cntivc '-pin;!! ^n^ion at an early aitia if jnij.-^ihle 
in cliildhoot], wlien ino^-i of tlie fhoinliaidy. -trophic dwarf- come to 
niedical oh^civation. I'lii- fti-ion nnulit ite perfonncfl at tlie whole 
dnrsoininhar region after tlie inetliorl of liihli-. Keinoval of the jx)-- 
tenor arche.- of the -e-tnunt- winch form tlie deformity mieht also he 
taken in consideration. Ihit whether there is indeed a ueneral indica- 
tion tor this operation, a- in s'niie cases of scolio>is. can he cstahlishcd 
only hy carefnl statistical e.xamination. If these statistics iirove that 
cord symptoms tieveloii later in a iiiitli jicrceiitatte of cases of chondro- 
dystrn]ihy with marked dor-ohimhar kyphosis, then this operation would 
seem to he indicated. 



INTUSSUSCEPTION ASSOCIATED WITH TUPERCULOSIS 


A CASE IN AN AEUET 
EDWARD RAYMOND EASTON, M.D. 

NEW YORK 

The following case of enteric intussusception which recently came 
under my observation presented some ])uzzling features, both as to 
immediate cause and ultimate result : 

History. — R. 0., a man, agod 32, was admitted to Knickerbocker Hospital on 
April 30, 1932. He was very emaciated and acutely ill. The onset of illness was 
two days previously, when he suddenly felt a dull pain in the region of the umbilicus. 
Half an hour later he vomited mucous material, and within a few hours some 
bright red blood. After that, the vomitus was black. There was no bowel move- 
ment for two days. Numerous enemas brought no results. The abdominal pam 
became sharp after his admission to the hospital. The abdomen was slightly dis- 
tended, with a boardlike rigidity. No peristalsis was visible. There was tenderness 
just below the umbilicus, where an indefinite mass was felt. Palpation of the 
abdomen induced peristalsis and cramps. 

The patient gave a history of good health up to the onset of the present illness, 
except for a bilateral inguinal hernia of some years’ duration. 

The heart was normal, the lungs clear, and the temperature 100 F. 

The symptoms pointed to intestinal obstruction, probably in the lower portion 
of the ileum, and immediate operation was imperative. 

Operation and Course . — A right rectus incision was made 6 inches (l5.2 cm.) 
long with the center opposite the umbilicus. The stomach, gallbladder and appen- 
dix were normal. There was a 4 inch (10.2 cm.) intussusception of the ileum, 
12 inches (30.5 cm.) above the ileocecal junction. The intestine was collapsed 
below this point and distended above it. This intussusception was reduced by 
gentle expression and traction, disclosing several bluish and hemorrhagic areas, 
which were pregangrenous. A search for polypi or other tumors which might 
account for the intussusception was unavailing. The mesentery, however, was 
unusually long and relaxed and showed a marked absorption of adipose tissue. It 
gave the impression of a state of extreme ptosis. The mesenteric vessels appeared 
to have good circulation, and nothing of an unusual nature was discovered except 
the slight bluish and pallid indurated areas of the intussusceptum, one of which 
was enfolded with serous suture. There was considerable serosanguineous free 
fluid in the abdomen. 

After reduction of the intussusception, the area was wrapped in hot packs and 
an enterostomy done about 2 feet above it in the distended portion of the intestm^ 
On reexamination, the condition of the intestine as a whole seemed to have improve 
greatly since the reduction. A rubber dam drain was placed in the area of the 
enterostomy, and the abdomen was closed in layers. 

Three days after operation the drainage had become profuse, and the dram was 
removed. The ileostomy was in good condition. The bowels moved only wit i 


enemas. 
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On the {ollowinu dny. the iU<t^tomy Uthe. which had liccomc lonjc iit the wound, 
wn? removed, and the intestinal contents drained freely throURli the wound. At 
this time tlie suture^ were cuttiim into the skin and were removed. 

Seven days after operation, the patient was removed to a private room for 
suction aiiplication to tlie wound. However, this Mocked up frctiuently and allowed 
the intestinal contents to irritate the cdccs of the skin. Bronzing lic|uid and 
powder were used in comhination to prevent this irritation. A collapsiMe rubber 
ball and iotloform iiacking were placed in the sinus, but as this did not prevent 
leakage, gauze treated with petrolatum was substituted. Kvery effort to preserve 
the skin at the edges of the wound proved unsuccessful, and a side-to-side 
anastomosis was considered, but was temporarily postponed. 

.\ month after operation the patient was losing weight: barium injected through 
the fistula showed no obstruction, and feeding through the intestinal opening was 
suggested. .-Xt this time there was no evidence of a pathologic process in the lungs 
e.xccpt cough, which was thought to be due to excessive smoking. 

During the next four weeks the patient continued to lose weight and strength. 
Blood transfusions were given. On June 29. the abdomen was reopened by Dr. J. 
V. Bohrer tor the repair of the intestinal fistula. 

A low, left pararectus incision was made downward 5 inches (12.7 cm.) from 
the umbilicus. Numerous adhesions bad formed, which were easily separated. 
There was no evidence of the previous intussusception. The fistula was separated 
from the anterior abdominal wall, and the hole in the intestine was closed with 
catgut. An entero-enterostomy was then done, short-circuiting the newly closed 
fistula. This portion of the intestine was lightly attached to the anterior abdominal 
wall near the former fistula. 

On the third postoperative day the wound showed no evident healing. The 
skin sutures were cutting. The patient vomited a dark, brown fecal-odored mate- 
rial. A Levine tube was inserted to the duodenum ; during this manipulation the 
patient vomited 2,000 cc. of this brown liquid. An enema yielded a liquid return 
of a brownish color. 

A furuncle on the left wrist w^ls incised and drained. 

The general condition of the patient became gradually worse, with death on the 
sixth postoperative day. 

Autopsy . — Considering the patient’s apparently healthy condition prior to the 
acute obstruction which brought him to the hospital, it was difficult to determine 
the cause of the intussusception and his lack of resistance to the operation. For- 
tunately, an autopsy was permitted, which threw some light on the matter, and yet 
leaves a satisfactory explanation still in the field of conjecture. 

A partial report of the examination follows; 

The lungs showed chronic, active, bilateral, apical tuberculosis, with bilateral, 
caseating tuberculous bronchopneumonia in both lower lobes, and tuberculous 
pneumonia in the left upper lobe. 

Parenchymatous degeneration was seen in the liver and kidneys. 

Examination of the intestinal tract showed necrosis of the ileum in the region 
of a recent ileostomy ; chronic localized peritonitis of the terminal ileum and 
ascending colon ; ulcerative tuberculous colitis ; diverticula of the duodenum, and 
active tuberculosis of the mesenteric lymph nodes. 

The blood vessels of the mesentery were in good condition, but there were 
marked sclerosis and contraction of the mesentery of the lower portion of the 
ileum such as occur in cases of old gunshot wounds. 
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Section tlirongli tlic small intestine disclosed the presence of epithelioid tnhercics 
in the mucosa. 

Section through the cecum revealed a small, shallow ulcer of definite tuhcrcle 
formation, with giant cells in the decjier layers of the mucosa and suhmucosa. 

The report leaves no doubt as to the iniinediate caitse of deatli, which 
is stated to he “tuberculous hronchopncuinonia, htcalized peritonitis, 
necrosis of the ileum and old intussusception,’’ 'I'he direct cause of 
the intussusception, however, still remains in doubt, since there was 
no neoplasm or tuberculous ulceration at the site of the lesion. 

ETIOLOGY 

An extensive survey of the literature of both tuberculosis and 
intussusception with their complications has failed to reveal a case 
similar to the one under discussion, Eliot and Corscaden ' made a survey 
of the whole subject of intussusception in adults in 1910. citing 300 
cases, in only 10 of which the disease was associated with tuberculosis 
with ulcer formation or serous or subserous infiltration. In the case 
herewith reported, the single tuberculous ulceration was confined to 
the cecum, while the invagination was located in a portion of the ileum 
a foot from the ileocecal valve and showed no evidence of ulceration. 
Although a section in this area disclosed epithelioid tubercles in the 
mucosa, it is highly improbable that this caused the intussusception. 

Correspondence with the surgeons particularly concerned in han- 
dling cases of tuberculosis at the nearby hospitals brought to light no 
instances of intussusception in recent years associated with tuberculosis 
such as the one herewith reported or those reported by Eliot and 
Corscaden. 

Rubin ^ collected the reports of 500 autopsies on jiatients who had 
died of pulmonary tuberculosis, viewed with special reference to the 
condition of the intestines. Macroscopic ulcerations were revealed 
in the intestines in 324 of the 500 cases, ranging from a few incipient 
lesions to an extensive involvement of the whole intestinal tract. Yet, 
there is no mention of an intestinal intussusception in the whole list. 

In view of these facts, pulmonary tuberculosis as a direct cause 
of intussusception is difficult to establish. But there is no doubt that 
it constitutes a predisposing factor. Gastro-intestinal disturbances have 
been noted by various observers in from 70 to 92 per cent of the 
cases of early tuberculosis. In the acute forms they are always 
present to a marked degree. As the disease progresses and emaciation 
becomes more and more pronounced, evidence of enteroptosis with 

1. Eliot. Ellswortli, and Corscaden, James A.: Intussusception with Special 
Reference to Adults, Ann. Surg. 8:169 (Feb.) 1911. 

2. Rubin, E. H.: Pulmonarv and Secondary Intestinal Tuberculosis, Ain. 
Rev. Tuberc. 22:184 (Aug.) 1930. 
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atmiy of ilu- sioniach is iiuTca^inuly scfii. in cases of moderate 
severity, in which there is little fir no '•ecoiiflary invasion of the jtastro- 
iiiteslinnl tract hy the iliscase. the ahiionien is nmisnally soft, relaxed 
and extremely tender. .\ gastric catarrh is hy this time almost always 
present. 'I'he gastric contents show a hi,i,di detti'ce of hoth motor and 
secretory insnlVtciencv. the s^astric aciflity heint; itreatly reduced. 'I'he 
howels alsf) are cfimmonlv alTectefl. hr.'-t hy constiiiation and later by 
occasional severe attacks of diarrhea which increase in frecjuency and 
cause intense weakness and exhaustion. 

Thus there is a condition f)f le.s.sened resistance throughout the 
gastro-intestinal tract, inviting flisaster. as it were, from the impact of 
any unaccustomed .shock or strain to which it may he subjected. 

Among the direct causes fif iutussusce])tion in the adult, in the small 
intestine, hy far the most common is the presence of a polyp, benign 
tumor or foreign body: in the large intestine, on the contrary, it is 
usually a malignant tumor. 'I'he neojilasms are usualK- found at the 
apex of the intussusceptum and are j)cdunculatecl in form. 

Ulcers arising from typhoid fever or intestinal tuberculosis are 
frequent causes, as are paralytic conditions of the intestine which allow 
the collapse of one portion into another. 

Trauma is considered hy some authorities an important causative 
factor. Strong movements of the muscles as in severe coughing, falls 
from a height, heavy lifting and football playing are given as instances. 

Diet appears to play an important part. Orr cited the case of an 
Indian coolie 30 years old, very thin and poorly nourished, who came 
to the hospital with an enteric intussusception involving 3 feet of the 
ileum. After resection and side-to-side anastomosis, a second large 
intussusception formed in a proximal portion of the intestine. Even 
after this was reduced there were violent and irregular peristaltic 
movements passing along the intestine as if another intussusception 
were attempting to form. In the absence of anything in the abdomen 
to suggest a cause for the intussusception, it was attributed to the 
patient’s defective diet, which had consisted of tapioca, rice water, 
tamarind and red chillies, with occasional small quantities of fish. 

Contrary to the rule elsewhere, in India there seems to be a pre- 
dominance of cases in adults over those in infants. In one hospital 
66 per cent of the cases occurred in persons over 20 3 ^ears old. In 
only two of these was there any record of a polyp or structural defect. 
Some upset in the neuromuscular control of the bowel, probabE due 
to faulty diet, seemed indicated in the rest. 

3. Orr, Ian M. : An Unusual Case of Intussusception in an Adult Brit M J 
1:331 (Feb. 20) 1932. 
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The direct effect of an imj)roper food l)alance was shown 
McCarrison in his experiments on monkeys. These were put on a 
regimen deficient in \’itamins, low in proteins and high in carbo- 
hydrates. Among other changes in the gastro-intestinal tract, a very higli 
percentage of intussusception was noted. From tliis, Dr. McCarrison 
traced a definite causative relationship between dietetic insufficiency and 
intussusception. “No doubt there is nothing new in such a state- 
ment,” he observed, “but I do not think we have realized hitherto that 
the neuro-muscular control of the bowel is dependent in great measure 
on the adequate provision of vitamins in the food.” 

The use of castor oil as a household remedy is held by some authori- 
ties to be largely productive of intussusception, owing to the strong, 
irregular peristalsis it induces. Kock and Orum believed this to be 
the reason for the numerous cases found in Great Britain and Denmark 
as compared with France and Germany, where it is less widely used. 

Owing to the difference in diameter of the small and the large intes- 
tine, the ileocecal or ileocolic t3fpe of intussusception is by far the most 
frequent. In a wide survey, Perrin and Lindsay “ found the ratio 
between this and the enteric t3q)e to be about 6 : 1 . In the absence of 
definite etiologic factors. the3^ considered the cause of enteric intus- 
susception probably to be found in the swelling of a Peyer’s patch. 
Briefly formulated, their theory to account for a majority of primary 
intussusceptions is the production of the equivalent of a foreign body 
within the wall of the intestine. This foreign body is provided by the 
swelling of a preexisting l3anphoid tissue. The anatomic and age 
distribution of the lymphoid tissue in the alimentary canal agrees 
exactly with the anatomic and age distribution of all primary intus- 
susceptions. Hence children are more liable. The factor that provokes 
this swelling is usuail3'’ some gastro-intestinal disturbance, with resulting 
chemical irritation ; the formation of gas from indigestible foods, such 
as cabbage and sausage, may be sufficient to cause it. 

Another possible cause of intussusception is tuberculosis of the 
mesenteric l3nnph glands. This condition is a definite clinical entity. It 
is found to occur most commonly between the ages of 20 and 30 . The 
patients are, as a rule, not of the rugged t3'pe, but rather slender, poorly 
nourished and anemic ; the3^ tire easil3^ have lost weight or fail to gam 
in weight. 

Despite its frequenc3% little attention has been directed to this disease, 
and its surgical significance is seldom recognized in connection with 
abdominal operations. 

4. McCarrison, quoted by Orr.- 

5. Koch, A., and Orum, H. P. T.: Bibliot. f. Isger 12:333, 1911. 

6. Perrin, \V. S., and Lindsay, E, C. : Intussusception, Brit. J. Surg. 9A6 
(July) 1921. 
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Tile enlarijeniem of tlie mesenteric inlands. throii"h this infection 
or otherwise, is recognized as a cause of various it^strointcstinal .symp- 
toms. amon!^ which are pain, tendernc.'is. ritridity and perhaps a slii^dit 
rise in temperature; also colicky dysfunctions of the digestive tract, 
pyloric spasm, spasticity of the abdominal muscles and nervous irrita- 
bility. which jirohahly arise rellexly from irritation of the autonomous 
nerves by the enlarged glands. 

.-Mvarcz • stated that it seems probable that many of the strange dis- 
orders of digestion associated with slight fever, nausea, abdominal 
soreness, signs of rever.se peristalsis and diarrhea could best he 
explained on the basis of such a low grade tuberculous infection of the 
lymph nodes. In his opinion, one of the greatest needs of medicine 
todav is some means of raising the resistance of the body to such 
infections. He suggests that symptoms of this sort be treated exactly 
as if they were known to he of tuberculous origin, i. e.. by rest, over- 
feeding and heliotherapy. 

An enlarged tuberculous lymph gland can directly produce intus- 
susception by pressure into the wall of the intestine, forming a pocket 
which grows gradually deeper under the peristaltic movements of the 
bowel until there is a complete invagination, with the lymph node 
enfolded at the ape.x of the intussusceptum. This process has been 
graphically shown b\- Lorenz in the case of a small mesenteric cyst 
which, pressing into the ileum, forced its way through the ileocecal 
valve and produced a deep ileocecal intussusception. 

Sherman ° reported the case of a child showing even.- symptom of 
intussusception. W'hen the abdomen was opened, a much enlarged tuber- 
culous lymph gland was found lying close enough to the spine to press 
against the mesenteric veins and partially occlude them. The intestine 
served by these obstructed veins was thick, edematous and congested. 
^^'hile no intussusception was found in this case, it may be said that 
the stage was all set for such a catastrophe, which doubtless would 
have occurred had not resection of the affected portion of the intestine 
with its mesenterj' been promptly done. 

All stages of tuberculosis mar- be found in the mesenteric lymph 
glands — tubercles, caseation, liquefaction and all degrees of calcification. 

7. Mvarez, Walter C. ; Mesenteric Lymplnadenitis in .Aidults. Cause of Pseudo- 
Appendicitis. Indigestion, Diarrhea and Arthritis, M. Clin. North America 14:605 
(Nov.) 1930. 

8. Lorenz, Hans : Ein Beitrag zur Lehre von der Invagination, Deutsche 
Ztschr. f. Chir. 77:7, 1905. 

9. Sherman, Harry M. ; Tuberculosis of Mesenteric Lymph Glands. Symp- 
toms of Intussusception Necessitating Resection of the Intestine. California State 
.1. Med. 4:43, 1906. 



874 


ARCHIVES OF SURGER}- 


According to Ross Golden/" tlie complications which may follow are: 
(1) adhesions from the nodes to the intestine or to the abdominal wall, 
which may produce ileus; (2) pressure on other structures, such as the 
stomach or the ureter; (3) perforation of a caseous node into the 
peritoneal cavity, and (4) generalized miliaiy tuberculosis. The symp- 
toms of these may entirely mask the original disease. While Golden 
makes no mention of intussusception as a sequel, its probability may 
legitimately be inferred. 

Tuberculosis may e.xist in the mesenteric lymph glands without 
tuberculous involvement of other organs. In the gastro-intestinal tract 
bacilli little affected by the gastric juices pass readil}" through the 
stomach, where little absorption takes place, with no apparent weak- 
ening of their virulence. They pass rapidly through the duodenum and 
jejunum, where the food, mixing with digesting fluid, is being prepared 
for use. In the ileum the first effective absorption of the contents of 
the alimentary canal naturally occurs. There, as in the case of typhoid 
bacilli, tubercle bacilli pass the epithelial barrier to the submucosa and 
act on the solitary follicles or Pe 3 'er’s patches, and make tubercles in 
the mesenteric nodes. Brown and Sampson have shown little mam- 
milations giving evidence of healed lesser grades of tuberculous infection 
of the lymphoid structures of the submucosa of the small intestine. 
Auchincloss stated that he has often looked for gross evidence of 
scarring in the intestinal walls, but found none. It is probable that 
most cases of tubercle bacillus infection of the mesenteric glands show 
no evidence of disease in the intestinal wall. 

In an adult, these diseased glands may be the cause of ill health 
existing from childhood. On the other hand, in many cases clinical 
symptoms do not develop and may be discovered only when the patient 
is being examined for another disease. Such lesions seems to indicate 
a handicapped area in one of the most important functioning sections 
of the body, and when the individual as a whole, or the area in par- 
ticular, is subjected to excessive stress or activity or infection, it will 
not function; it breaks down, and so-called intestinal symptoms appear. 

The lymph and lacteal drainage for the corresponding part of the 
intestine has been diseased be 3 'ond repair. The node has been walled 
off as a foreign body as nearl 3 ' as possible. A rearrangement and coin- 
pensatorv mechanism ha\'e had to be established, the efficienc 3 'of which is 

10. Golden, Ross, and Reeves, R, J. ; Significance of Calcified Abdominal 
Lymph Nodes, Am. J. Roentgenol. 22:305 (Oct.) 1929. 

11. Brown, Lawrason, and Sampson, H. L. : Intestinal Tuberculosis, cd. 2, 
Philadelphia, Lea & Febiger, 1930. 

12. Auchincloss, Hugh : A Clinical Study of Calcified Nodes in the Mesentery, 
Ann. Surg. 91:401 (March) 1930. 
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lew th;ni !h:i! nf the nrif^iii:!! .‘ii r.'inucnu-iit. 'I'lic .-aim- is true 
"1 tlu' Mihh! Id ;n)(! i’rnai 'lie Iym]'!i nudes and adjacent to tlieni. 

naniaye may lia\f oi'cmred t'« tiie '•yin|iatlielic nerve trunks in the 
rey'Ktn. impairing their nntntii>n and yivini^ rise tn sym]>tnnis tiiat may 
he sjiastic ur paralytic. 

i he tacts here jiresented alVord a frameuorl^ into winch the clinical 
Jiicture oi the case under di>cussii>n may he found rout;hly to lit. 

■ \ weak", nndernonrished man sntTered from active tnherciilosis of 
the Iim”s. which alone would teinl to lower the resistance of the .gastro- 
intestinal tract, as has heeii shown, and make him liable to serious con- 
^cfjuences under any unusual Mress or strain. The enlartted tuherculous 
mesenteric l}ni])h ydands were capable of causin'^ invaydnation by pres- 
•sure into the intestinal wall, or by pressure on the sympathetic nerve 
trunks produciu" jiaralysis of the intestine, ilis mesentery was long 
nnd markedly lacking in fat. and the stomach and intestines probably 
atonic and jitosed — a condition jKCuliarl}’ favorable to ileus, either 
through volvulus or intussusceiition. 'I'he (luestion is. what took place 
m this area in which c\cry ])reparation seems to have been made to 
bring about the final catastrophe — intussusception ? 

It may have been, as Perrin and Lindsay sug.gest. a swelling of the 
Peyer’s ])atches which acted as a torei.gn body. In the light, however, 
of new facts in the patient’s history which have just come into my 
possession through the kindness of his widow. I believe the determining 
cause more likely to have been trauma. 


The patient was a waterproofer by trade, and had returned to his work just 
two days before the onset of his illness, after driving a taxicab for a year. He 
"■as a small man averaging 126 pounds (57.2 Kg.) in weight, and “soft” when he 
returned to this job. Far from being in good health, as he stated, he had coughed 
a great deal during the previous winter, especialh- in connection with hea\w smok- 
was constipated, and had night sweats. 

His appetite was good, in fact, he was "always eating something.” Certain 
foods, however, made him vomit. 

Three or four days before the onset of his illness, he ate some cabbage, which 
upset him as it alwavs did. 


The patient was in a weakened condition when he took up his work as water- 
proofer. His duties required him to lift hea^■y pails of tar weighing about 
/5 pounds (34 Kg.), one in each hand. On April 28, just two days before he came 
to the hospital, he almost fainted from this exertion and experienced a sudden pain 
m the abdomen. He was so ill he had to be helped off the job and taken to a 
rst aid station, where he was given some paregoric. After eating sausage for 
unch, he felt very sick and took some castor oil and magnesium sulphate. He did 
not use castor oil habitually, but relieved his constipation with a patented prepara- 
tion of phenolphthalein. 

After taking the castor oil and magnesium sulphate, the patient began vomiting 
re blood, and summoned a doctor, who. believing the symptoms to be those of 
gastric ulcer, treated him accordingly. Two days later he came to the hospital 
nnq the intussusception was discovered. 
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The fact that his illness came on in the act of lifting a Iieav.v weight inak'cs it 
appear that tin’s unaccustomed strain was the final, direct cause of the intussus- 
ception, Eliot reports in his scries seven such instances. 

In view of the patient’s genera! pathologic condition, the fatal outcome was 
perhaps not surprising. It may be open to ciucstion whether immediate resection 
and anastomosis would have shown better results. 

Oschner observed that the treatnicnt in any case of acute oltstruc- 
tion depends on the amount of distention in the afferent loops, the 
degree of interference with the vascular su]>])ly of the part, and the 
condition of the patient. In the presence of marked distention of 
the intestine proximal to the obstruction, no attempt should be made 
to remove the pathologic process producing obstruction, since the 
contents of the intestine are extremely toxic and contain highly virulent 
organisms. The distended intestine is thinned and veiy friable. Resec- 
tion of the pathologic process \vith reconstruction of the intestinal tract 
is not feasible. The sutures introduced into the distended pathologic 
wall of the bowel are insecure. The operative procedure requires more 
time than is warranted b}^ the patient’s condition. An}' operative pro- 
cedure should involve merely the relief of the obstruction. At a later 
date, as soon as the patient has recovered from the toxemia and signs 
of acute obstruction, the cause may be removed. The obstruction is 
best relieved by production of a fistula either by enterostomy or 
colostomy. This should be made immediately above the obstruction. 

There is probably no one condition the surgeon encounters which 
causes him more concern than certain cases of ileus. Even in spite 
of the most careful and exacting therapy the condition often progresses 
to a fatal termination. 

The mortality in acute obstruction is high. Van Beuren and Smith, 
in a series of 349 collected cases, demonstrated an average mortality 
of 60.7 per cent after enterostomy. Wichmann stated that in 223 
cases of intussusception, nearly 70 per cent of the patients died after 
operation. Perrin and Lindsay, however, place the mortality rate much 
lower, their average in 400 cases being given as 34.7 per cent. 

In discussing the cause of death from high obstruction. Hartwell and 
Cooper said : 

It is apparent that the cau.se of death following intestinal obstruction is the 
absorption of toxic substances into the blood. The source and nature of these 
substances are not fully established, nor is it certain what role is played Iw the loss 

13. Oschner, Alton, in Nelson Loose-Leaf Living Surgery, New York, T. 
Nelson & Sons, 1927, vol. 5, p. 266. 

m. \’^an Beuren. F. T., and Smith, B. C. : Status of Enterostomy in Treatment 
of Acute Ileus, Arch. Stirg. 15:288 (Aug.) 1927. 

15. Wichmann; Deutsche Ztschr. f. Chir. 77:1. 1905. 

16. Hartwell, John A., and Cooper, Henry S. F., in Lewis, D. : Practice of 
Surgery, Hagerstown, Md., W. F. Prior Company, Inc., 1929, vol. 7. 
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of substances, particularly water and chlorides, in the voniitus, hut this is doubtless 
an important factor. 

What is the cause of death in high obstruction? No theory of toxemia has 
given rise to any practical means of preventing death after the condition has fully 
established itself. Surgical intervention is the best means, and only too often this 
is of no avail. We do not know the cause of death from high obstruction. It is 
to be hoped that somebody will find the answer and bring light where there is 
now darkness. 

SUM MARY 

Intussusception is much less frequent in adults than in children. 
Approximately twice as many males as females are affected by it. 

The mortality is high, being in direct ratio to the length of time 
after the appearance of symptoms that operation is done. There is a 
decided tendency to recurrence even after resection of the portion of 
bowel originally affected. Spontaneous recovery sometimes takes place, 
the necrotic intussusception becoming detached and passing through the 
bowels. 

The disease constitutes a grave threat among persons suffering from 
other diseases, notably typhoid fever and tuberculosis. It is induced 
by such conditions as undernourishment, radical changes of diet creating 
hyperperistalsis, visceroptosis, mesenteric lymphadenitis, and tumors, 
cysts, ulcers and adhesions in the gastro-intestinal tract, while trauma 
undoubtedly plays an important part in man)’ cases as an activating 
agent. 

In cases of pulmonary tuberculosis it is a complication to be feared, 
since it may not only lessen the possibility of recovery by interfering 
with the patient’s nutrition, but in its acute form is more than likely to 
precipitate a fatal termination. On the other hand, pulmonar)’ tuber- 
culosis, with its weakening effect on the gastro-intestinal tract, pre- 
disposes the patient to intussusception. 

Undernourishment, through insufficient or ill balanced diet, is a 
definite causative factor, and perhaps the only one through which effec- 
tive preventive action may be taken. 

It is suggested that every tuberculous patient be regarded as a 
potential victim of intussusception, and his treatment planned with this 
complication in view. This may mean simply an intensification of the 
regular treatment for tuberculosis, with special emphasis on over- 
nutrition, protection from overexertion and an increased watchfulness 
for gastro-intestinal symptoms. 
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A newly awakened and much needed scientific interest in the study 
of fractured skulls and intracranial injuries is evidenced by the rapid 
increase in the literature on this subject in the past five years. It is 
clear to us that there are many imperfections in our knowledge of the 
basic pathologic and physiologic changes that are present in these cases, 
and only after these gaps in our knowledge have been filled shall we 
be able to interpret correctly many of the clinical phenomena observed 
daily in the wards. A much better understanding and correlation of 
fundamental facts are needed to put us on the right track. Each writer 
has his own classification, which varies with his concepts, and this 
results in much confusion and controversy and renders comparative 
work difficult, because one is never quite sure that one author is writing 
about exactly the same thing that another author has described. Many 
of the differences are more apparent than real and are due to inability 
to understand one another, while, on the other hand, some are definite 
disagreements in fundamental ideas. It is our purpose in this paper 
not to offer a solution to these problems, but to report our experiences 
in the study and management of these cases at Harlem Hospital, and to 
draw certain seemingly justified conclusions therefrom. This work is 
supplemental to and a continuation of the studies made at Harlem Hos- 
pital by Dr. John F. Connors,^ surgical director, which were reported 
by him in two separate papers, based on a study of a total of 833 cases. 
In our present work we were fortunate in having the benefit of his 
advice and supervision. 

We studied 347 consecutive cases of cranial and intracranial injuries, 
as the patients were admitted to the wards, from Sept. 1, 1930, to April 

From the Surgical Service of Harlem Hospital, Dr. John F. Connors, Director. 

Presented before the Joint Meeting of the Boston, New York and Philadelphia 
Regional Fractures Committee of the American College of Surgeons, New York, 
May 19, 1932. 

1. Connors, John F. : Management of Intracranial Injuries With or Without 
Fracture, Ann. Surg. 81:901, 1925; The Treatment of Fractures of the Skull, Tr. 
Am. S. A. 14:427, 1927. 
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20, 1932. From Sept. 1, 1930, to Oct. 1, 1931, we diagnosed all severe 
craniocerebral injuries as “clinical fractured skull,” which is the classi- 
fication in general use today, hut the conviction gradually grew on us 
that only cases in which we could actually prove the presence of a frac- 
ture or fractures hy roentgen examination or autops}- should be so 
diagnosed or classified; therefore, beginning on Oct. 1, 1931, we divided 
the lesions into two groups according to whether or not a fracture of the 
skull had been demonstrated; (1) proved fractures of the skull and 
(2) proved intracranial injuries without fractured skull. It is common 
knowledge that the treatment of fractured skulls is concerned chiefly 
with the treatment of the concomitant underlying injury to the brain 
or its coverings. We were careful to exclude all cases with question- 
able or only suggestive roentgenograms from our group of proved 
fractures of the skull. When there was a history of trauma, blood in 
the spinal fluid was the basis for making a diagnosis of intracranial 
injury in patients who lived, and of course for an autopsy in 

Table 1. — Classification of Cases 



Number of 
Cases 

Lived 

Died 

Mortality, 
per Cent 

Class A. (Sept. 1, 1D30. to Oct. 1, 1931) 
Clinical Iracturcs of the skull; includes 
injuiles 

intracranial 

99 

SO 

23.2 

Class B. (Oct. 1, 1931, to April 20, 1932) 

Group 1. Proved fractures of the skull.. 

133 

9S 

So 

20.3 

Group 2. Proved intracranial injuries ... 

85 

i 1 

s 

9.4 




— 


Total 

347 

274 

73 

21.0 


fatal cases. Blood in the spinal fluid owing to a ruptured aneurj-sm 
of one of the vessels of the circle of Willis occurred in rare instances 
(an average of about 1 such case a year). Before we made a clinical 
diagnosis of intracranial injury without skull fracture, we satisfied our- 
selves that the blood in the spinal fluid was not due to contamination 
resulting from the lumbar puncture. We excluded from the group of 
those with intracranial injury without fracture of the skull S3 patients 
who had been sent to the wards with the diagnosis of “possible frac- 
tured skull” or “head injury.” A history of trauma was given by most 
of them, and a histor}’^ of unconsciousness b)’- all of them; but the 
results of roentgen examination were negative, and the spinal fluid was 
devoid of red blood cells. AVe realize that we may have missed 1 or 
2 cases of slight cerebral injury by insisting on the presence of blood 
in the spinal fluid before permitting this diagnosis to be made. None of 
the innumerable patients with simple laceration, contusion and hema- 
toma of the scalp who come to the hospital were included in this study, 
as they were treated in the emergenej’- room of the hospital and sent 
home. All cases in this series were grouped as shown in table 1. 



880 


ARCHIVES OF SURGERl 


It is seen that the incidence of actual fractured skulls is much 
higher than the incidence of intracranial injuries without fractured 
skull and, too, that the mortality from intracranial injuries without 
fracture of the skull is only about one-third the mortality from real 
fractured skull. 

A clinical diagnosis of fractured skull should not be made unless 
the existence of the fracture is proved by roentgen examination or the 
fracture is actually seen, as is possible in certain compound fractures 
or at operation. A clinical diagnosis of intracranial injury should be 
made only after red blood cells are found in the spinal fluid. Erythro- 
cytes in the spinal fluid constitute the chief tangible and the most trust- 
worthy evidence of injury that is available at the present time, and the 
tendency to accept this view is shown by the fact that Kennedy and 
Wortis - in a recent review of 1,000 cases of “head injuries” used the 
same criteria. The term “head injury” should be discarded as it is too 
indefinite, and although what it means today is known, it could properly 
include traumatisms of the face and scalp. Either there is a fracture 
of the skull or there is not, and either there is intracranial injury 
without fracture or there is not ; and both conditions exhibit pathologic 
changes that are demonstrable clinicall)'. 

Acute alcoholism coexists so frequently with injuries of this type 
and in so many instances obscures the clinical picture irrespective of 
the degree of trauma that it becomes a factor of no inconsiderable 
importance. Vance® found alcohol in the liver and brain in 512 fatal 
cases. It was noted by McCreery and "Berry ^ in their clinical study of 
520 cases, but they could not estimate its importance. In our group 
of cases, a diagnosis of acute alcoholism as an associated condition was 
made in 54 instances, or 18.8 per cent, and we feel that the percentage 
is much too low, because in many of the unconscious patients the effects 
had worn off before we saw the patients or were masked by the 
concomitant injury. Alcohol can and does produce disorders of con- 
sciousness, as well as retrograde amnesia; and these two symptoms, 
particularly the loss of consciousness following cephalic trauma, are 
the most important of those produced by acute craniocerebral injury. 
In fact, the diagnosis of cerebral concussion is based entirely on the 
history, or on the presence, of loss of consciousness following trauma. 
W’e are of the opinion that alcohol plays a much larger role in these 
cases than is generally thought, and that it accelerates death in man}^ 
instances, owing to its late depressant effects on all body functions. 

2. Kennedy, Foster, and Wortis, S. Bernard: Head Injuries, J. A. M. A. 
98:1352 (April 16) 1932. 

3. Vance, B. M.: Fractures of the Skull, Arch. Surg. 14:1023 (May) 1927. 

4. McCreery, John A., and Berry, Frank B. : A Study of 520 Cases of Frac- 
tures of the Skull, .\nn. Surg. 88:890, 1928. 
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Much furtlicr work is necessary to detcrniinc exactly the part that 
alcohol plays in these cases. 

The nature of the trauma is shown in taijle 2. Gunshot wounds 
ordinarily would fall into the catcjtory of assaults, hut it seemed desir- 
able to grou]) them separately. In the group with the “history of injury 
unknown" the lack of the histor}' may he explained hy death without 
recovery of consciousness, alcohol and retrograde amnesia. Alany of 
these patients were found unconscious in hallways or areaways ; and in 
not a few cases patients brought to the hospital died, and we were not 
able to identify them. Today the automobile is the leading causative 
factor in the production of fractured skulls. 

As regards sex, the ratio of males to females in this series was 
about 3 to 1. 

There were 2S children under 10 years of age, and 1, or 3.5 per 
cent, died. The patient that died was an infant of 2 months who was 
struck with a bottle and sustained a fracture involving the right frontal 
sinus ; death occurred four days later as a result of meningitis. Our 

Table 2. — Nature of the Trauma in Intracranial Injuries 


-Automobile 

History of injury unknown 

Falls 

-Assaults 

Gunshot wounds 

street cars 

Subway cars 


Our Cases Connors' Cases 


120 

S7 

77 

55 

3 

3 


115 

49 

133 

27 

0 

17 


observations in general confirm the conclusions of Beekman,® Ireland,® 
Wakeley • and others relative to the better prognosis for life in cranio- 
cerebral traumatisms in children. 

The time elapsing betiveen admission to the hospital and death in 
the 73 fatal cases is shoAvn in table 3. 

It is seen that 38 patients, or 52 per cent, died within the first tivelve 
hours. Fay ® reported that 12 of 39 deaths occurred Avithin three hours 
after admission to the hospital in one of his series, Avhile McCreery and 
Berry recorded that 110 of 204 deaths occurred Avithin the first tvA’eh'e 
hours after admission. Death after forty-eight hours in most instances 
Avas due. not to laceration of the brain, but rather to a complication, 
such as meningitis, hypostatic pneumonia, associated injur}', or exhaus- 

5. Beekman, FenAA’ick; Head Injuries in Children, Ann. Surg. 87:355, 1928. 

6. Ireland, Jay: Fracture of the Skull in Children, Arch. Surg. 24:24 (Tan) 
1932. 

7. Wakeley, Cecil P. G. ; Fractures of the Skull in Children, Practitioner 
127:75 (July) 1931. 

8. Fay, Temple: Clinical Considerations Surrounding Head Injuries, S. Clin. 
North --tmerica 11:1375 (Dec.) 1931. 
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tion and inanition. This was first pointed out by Connors, and the chief 
exception to this rule has been extradural hemorrhage. Death due to 
laceration of the brain and subdural hemorrhage usually occurs within 
forty-eight hours after the injury, and if death does occur later it is the 
exception to the rule, as happened in a case in our series. 

Cerebral concussion is the term used to denote the unconsciousness 
that occurs after an injury to the head, and is not usually associated 
with fracture of the skull, in the clinical acceptation of the word. 
There is much controversy among observers in explaining exactly what 
happens and whether or not it has a pathologic basis in fact. Vance 
listed 27.4 per cent of the deaths in Ins series as due to concussion, 
and in some he could find no pathologic basis ; all of his patients died 
within a few minutes or hours after the injury. Ochsner ® expressed 


Table 3. — Time Between Admission to the Hospital and Death 



Class A 

Class B 

Time in 


■ ■ 

^ 

Hospital 

Clinical 

Group 1 

Group 2 

Betore 

Skull 

Skul! 

Intracranial 

Death 

Fractures 

Fractures 

Fractures 

1 hour 


8 

2 

3 hours 

t> 

4 

1 

G hours 

6 

g 

1 

12 hours 

G 

5 

0 

24 hours 

3 

4 

0 

2 (Jays 


2 

0 

3 days 

2 

2 

1 

4 days 

4 

4 

1 

5 days 


0 

1 

0 days 

0 

1 

0 

8 days 

0 

1 

0 

9 days 


0 

0 

12 days 


0 

0 

14 days 

0 

1 

0 

20 days 

0 

0 

1 

Total number of cases 

30 

33 

8 


the belief that concussion is ‘'a physiologic and not an anatomic lesion,” 
while Riddoch stated that it “may produce death presumably fi'om 
bulbar anemia.” Ritter and Strebel described concussion of the 
medulla and concussion of the cerebrum. On the other hand, Rand 
and Courville found edema of the choroid plexus in 2 cases. Peet 
thinks that there are probably minute lacerations of the brain substance. 

9. Ochsner, Alton; The Diagnosis and Treatment of Acute Craniocerebral 
Injuries, Am. J. Surg. 12:222 (May) 1931. 

10. Riddoch, George: Discussion on the Diagnosis and Treatment of Acute 
Head Injuries, Proc. Roy. Soc. Med. 25:735 (March) 1932. 

11. Ritter, A., and Strebel, K., quoted by Ochsner.'* 

12. Rand, Carl W., and Courville, Cyril B. : Histologic Studies in Cases of 
Fatal Injury to the Head, Arch. Surg. 23:357 (Sept.) 1932. 

13. Peet, Max Minor: Symptoms, Diagnosis and Treatment of Acute Cranial 
and Intracranial Injuries, New York State J, Med. 28:555 (May 15) 1928. 
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Dr. C. S. B. Cassasa.” one of our associates, in 1925 found minute 
hemorrhages into the perivascular lymph spaces in 5 eases that exhibited 
clear spinal fluid. Kaufmaun stated; “That gross damage is done, 
such as multiple hemorrhages t, tearing of vessels through shock or the 
push the brain substance resists), is shown by the fact that foci of 
white softening appear as an expression of the microscopic damage 
to the nervous tissue, to which may be added petechial hemorrhages.” 
Jefferson^® expressed the belief “that in all head injuries serious 
enough to call for treatment during the acute stage, there is a funda- 
mental state due to general cerebral contusion and that this has a 
recognizable histological picture.” He has also observed the minute 
hemorrhages first described by Cassasa. He would discard the use of 
the term concussion, and we agree with him that its use adds confusion ; 
we also agree with him that any patiept who on admission to the hos- 
pital is unconscious may be safely assumed to have definitely widespread 
neural damage, although we qualify the latter statement by specifying 
that the unconsciousness must be due to trauma and not to alcohol or 
drugs. It seems clear that Cassasa, Jefferson and Kaufmann have 
described the same pathologic condition under different names — they 
are all agreed that unconsciousness of sufficient degree and duration to 
require hospitalization has associated pathologic changes in the central 
nervous system, whether the latter are demonstrable or not, and it is 
with this idea that we are in accord. If the term concussion is to con- 
tinue in use, the description of the clinical features as outlined by 
Trotter should be used, which is as follows : ( 1 ) instantaneous onset. 
(2) paralytic nature of the symptoms and (3) a tendency to disappear 
spontaneous!)'. To these we would add; (4) a history of trauma and 
(5) the elimination of alcohol and drugs and other diseases. 

Contusions of the brain were not mentioned by Vance. LeCount 
and Apfelbach described them as “contre-coup bruises.” and found 
them in 49.2 per cent of their cases. Jefferson defined the term con- 
tusion as “a general contusion of the whole brain,” which is apparently 
what Vance, under the term concussion, called a “jarring of the brain” ; 

14. Cassasa, Charles S. B. : ilultiple Traumatic Cerebral Hemorrhages, Proc. 
New York Path. Soc. 24:101, 1924. 

15. Kaufmann, Edward; Pathologj- for Students and Practitioners, translated 
by Stanley P. Reimann, Philadelphia. P. Blakiston’s Son & Co., 1929, vol. 3, 
p. 1914. 

16. Jefferson, Geoffrey : Discussion on the Diagnosis and Treatment of Acute 
Head Injuries, Proc. Roy. Soc. Med. 25:742 (March) 1932. 

17. Trotter, Wilfred: The Scalp, Skull and Brain, in Choyce, C. C., and 
Beattie, M. : A System of Surger>-, New York, Paul B. Hoeber, fnc., 1923, vol. 3, 
p. 446. 

IS. LeCount, E. R., and Apfelbach, Carl W.; Pathologic Anatomy of Trau- 
matic Fractures of the Cranial Bones and Concomitant Brain Injuries T A. 

M. .A. 74:501 (Feb. 21) 1920. 
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and Jefferson stated further that he implied “punctuate hemorrhages of 
greater or less extent.” It seems that he includes the Cassasa type 
of hemorrhage also under this heading. Connors described contusion as 
“small hemorrhages in the pia arachnoid meshwork; and the patients 
have a bloody spinal fluid, but it is not as bloody as in laceration of the 
brain.” Connors and McClure and Crawford found contusion to be 
less frequent clinically than concussion, and this has been our experience. 
Under this heading we include all cases of subarachnoid or subdural 
hemorrhage without laceration of the brain. Subdural hemorrhage was 
present in 95 per cent of LeCount and Apfelbach’s cases, and was most 
frequently due to lacerated cerebral veins. 

Laceration of the brain has been the^ most common pathologic 
finding. It occurs with or without marked hemorrhage in all cases of 
severe trauma, and the spinal fluid is bloody. Lacerations may occur 
at the point of injury, or they may be contre-coup; contre-coup lacera- 
tions are the most frequent. The clinical symptoms in general in these 
cases are due to cerebral compression resulting from hemorrhage rather 
than from the laceration itself. Vance reported 132 deaths from 
cerebral compression and 24 deaths from laceration of the brain in his 
series. LeCount and Apfelbach did not use the term laceration, but 
spoke of such lesions as extensive bruises, and in a published photo- 
graph of a brain that exhibits a large laceration, they called the lesion 
a bruise. Apfelbach in a later study found that the hemorrhage in 
contusion is greater the longer the patient lives, and thought that this 
is due to the persistence of the bleeding after the injury. This is true 
as regards lacerations of the brain, as shown by the fact that in some 
cases the spinal fluid may be clear immediately after an injury, whereas 
after a few hours it contains blood. We have yet to see a case of 
laceration of the brain in which the spinal fluid is persistently clear; 
in the vast majority of cases the fluid is bloody on lumbar tap imme- 
diately after the injury. 

Extradural hemorrhage is due to a laceration of the middle menin- 
geal artery or one of its branches in most instances, but Vance found 
rupture of the lateral sinus, in two cases. He stated “that it occurs in 
thin skulls and the sharp edge of the bone lacerates the wall of the 
vessel.” Epidural hemorrhage was present in 20 per cent of Vance’s 
necropsies, and it was a death-causing factor in about 10 per cent of 
the necropsies which LeCount and Apfelbach reported, according to 
their opinion. In 1 of every 10 fatal cases epidural hemorrhage is the 
cause of death. A fracture is always present, and the vessel ruptures 
in almost all cases at the intersection of the path of the vessel and the 

19. McClure, R. D., and Crawford, Albert S. : The Management of Cranio- 
cerebral Injuries, Arch. Surg. 16:451 (Feb.) 1928. 

20. .Apfelbach. C. \V. : Studies in Traumatic Fractures of the Cranial Bones, 
.Arch. Surg. 4:434 (March) 1922. 
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line of fracture. This is irn])ortant when one operates on these patients. 
In onlv a single case in this series did the i)atient .show the lucid interval 
usually described. 

Cerebral edema is .generally considered to follow immediately all 
severe cranial and intracranial injuries. The modern treatment of intra- 
cranial injuries is based on this concept. The explanation given is that 
the blood cells, freed from the lacerated vessels by the trauma, 
plug and also, by compression from without on the pacchionian granu- 
lations and arachnoid villi, prevent totally or partially the escape of 
cerebrospinal fluid into the venous sinuses, and the resultant back 
pressure on the brain of the spinal fluid produces increased intracranial 
tension and cerebral edema. It is a plausible explanation and may be 
a factor in some cases, but it is unsatisfactory in many ways; it fails 
to explain the cases in which there is definite hypotension of the spinal 
fluid, as described by LeRiche. and also cases seen at operation in which 
the brain is shrunken and not swollen. Cassasa denied the existence of 
cerebral edema due to trauma, because of the fact that the convolutions 
are not flattened like those seen in edema of the brain following infec- 
tion or associated with tumors. LeCount and Apfelbach described a 
“traumatic edema,” and in a later article Apfelbach stated “that it is 
a generalized edema, and not a localized one about contusions.” Rand 
found edema in his fatal cases, and later Rand and Courvdlle stated 
that “there is an actual increase in the amount of circulating fluid.” 
They also found edema in the choroid plexus in a number of fatal 
cases. The actual increase in the amount of circulating fluid can be 
due to subarachnoid hemorrhage. Jefferson found a characteristic 
histologic picture of edema in patients who lived until the second or 
third day, and he observed “dry” and “wet” brains after injurj-. In 
unilateral subdural hemorrhage Vance observed a flattening of the brain 
on the side opposite the hemorrhage, and in bilateral hemorrhages with 
laceration of the brain flattening of the cerebral cortex was not promi- 
nent unless one side showed a large quantity of blood while the other 
contained a small amount. \'ance also found edema at times, after 
from two to five days, adjacent to the laceration, and he stated that 
“no case in this series presented the degree of swelling that Apfelbach 
mentioned, and there was no example of death arising solely from this 
condition.” From studies of lumbar pressure we are of the opinion 
that the chief increase in intracranial tension maj* be explained on the 
basis of hemorrhage with resultant displacement of fluid. We do not 
deny entirely the existence of cerebral edema in cases of injur}- to the 
brain, but we do say, with Jefferson, that if it does occur it is a late 
development. And we feel, further, that it is not a chief, or even an 
important, consideration in the treatment of these patients. Alcohol 
as an edema-producing factor in these cases has not as yet been studied. 


21. Rand, C. W., quoted by Rand and Courville.^- 
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Unconsciousness or semiconsciousness was noted in 190 instances, 
or 54.4 per cent of our cases, as shown in table 4, 

Unconsciousness was present in 61 of the 73 fatal cases, or 83.5 per 
cent, and 61 of the 190 unconscious patients died, or 32.1 per cent. 
Mental excitement was observed in many instances, and in some it was 
due to trauma plus alcohol. Traumatic delirium as described by Rid- 
doch was also observed, but it was much less frequently noted than 
excitation. Alcoholism was the causative factor in some of the cases 
showing unconsciousness. In 12 fatal cases the patients were conscious 
on admission; death was caused in 5 by a terminal pneumonia, in 1 by 
meningitis, in 1 by epidural hemorrhage combined with laceration of the 
brain (this patient was operated on), in 1 by septicemia from a massive 
contusion of the back and in the remaining 4 by exhaustion. Most 
patients in the group with nonfatal fractures recovered from the uncon- 
sciousness within a few hours; in a few it lasted twentj'-four hours, 
and in only 4 did it last as long as thirty-six hours. 


Table 4. — Incidence of Unconsciousness and Semiconsciousness 


Class A 


Craniocerebral 

Injuries 



Lived 

Died 

Unconscious 


19 

Semiconscious 


7 

Conscious 


4 

Total 

00 

30 


Class B 

I — > 

Group 1 Group 2 

Skull Fractures Intracranial Injuries 

- A ■ 7 / ^ 


Lived 

Died 

Lived 

Died 

17 

22 

10 

G 

25 

7 

14 

0 

50 

0 

44 

2 

OS 

So 

77 

S 


Cohen in 1917 and Blakeslee in 1929 reported on the findings 
in the eyes of patients with fractured skulls at Harlem Hospital. 
Blakeslee’s report was especially comprehensive, and we studied many 
of the same patients on whom he made his observations. This series of 
cases was studied by us at a later time, and our findings confirmed his 
work. He -reported a mortality of 95.5 per cent in patients showing 
bilateral widely dilated and fixed pupils, while it was 50 per cent in 
patients exhibiting a unilateral fixed pupil. Kearney -■* reported no 
change in the fundi during the first twelve hours after injury, but he 
reported changes in the fundi in 1 in 6 cases of severe injury after 
tivelve hours. Papillitis occurred in our cases in few instances. 

22. Cohen, Martin: The Value of Eye Manifestations Complicating Fractured 
Skulls, Arch. Ophth. 46:258, 1917. 

23. Blakeslee, George Arthur: Eye Manifestations in Fracture of the Skull, 
Arch. Ophth. 2:566 (Nov.) 1929. 

24. Kearney, J. A.: The Value of Ej’e Observations in Fracture of the Skull 
and Severe Head Injuries, New York State J. Med. 22:341 (.'^ug.) 1922. 
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AlcCrccry and Bern- pointed out the value of using the pupillar}’ signs 
as an indication of the iwticnt’s progress. As a rule, a unilateral dilated 
fixed pupil occurs on the same side as the lesion, but in one of our 
cases we observed a dilated fixed pupil on the side opposite to the lacera- 
tion of the brain. 

In a recent case of combined epidural hemorrhage and laceration of 
the brain, the pupil on the side of the laceration was dilated and fixed, 
while the pupil on the side of the epidural hemorrhage was smaller 
and reacted to light. Blakeslce was espcciall}" careful to point out the 
■variation in the pupillary status as it occurred in different cases and as 
it changed from time to time in the same patient. 

The incidence of the usual objective signs of injur\' to the head is 
shown in table 5. 

The lacerations, contusions and hematomas of the scalp varied in 
number, extent and degree, and were valuable at times in furnishing 
a clue as to the nature of the trauma and the direction of the force in 


T^vble 5. — Incidence of Objective Signs of Inj’tiry 



Class A 

Class B 




Cranio- 




Total 


cerebral 

Fractured 

Intracranial r 


— « , 


Injuries 

Skulls 

Injuries 

Number Per Cent 

Lacerations ol scalp 

26 

55 

24 

105 

30.2 

Hematomas and contusions 

22 

2S 

27 

77 

‘’2.1 

Ecchymosls of eyelids 

87 

01 

53 

236 

ei.o 

Bleeding from one or both cars — 

2.3 

25 

2 

50 

14.6 

Bleeding from nose or mouth 

27 

15 

17 

59 

1.1.3 


relation to the head, which aided in localizing the lesion. Ecchymoses 
about the eyes were present in 68 per cent of these cases. 

Bleeding from one or both ears is a rather reliable sign of fractured 
skull. Gurdjian reported bleeding from the ears in 476 of 2,600 
cases ; his mortality in cases of unilateral bleeding from the ear was 
about 37.5 per cent, and in bilateral bleeding it was 67.3 per cent. 
Miller and Lauppe reported mastoiditis as a sequel of fracture of 
the temporal bone in a case in which there was bleeding from the ear, 
and they found records of 22 similar cases ; Gurdjian reported 3 cases 
in his series. Bleeding from the ear is not alwa 3 "S due to a fracture of 
the skull, and this was true in 2 of our cases ; in the first the bleeding 
was from a bleb on the wall of the external auditor}- canal, and in the 
second it was due to a simple rupture of the tympanic membrane. 
Vance cited a case in which the bleeding was from a laceration of the 
external auditory canal. The escape of spinal fluid from the ear makes 

25. Gurdjian, E. S.: Ear Complications in Acute Craniocerebral Injuries, 
Radiology 18:74 (Jan.) 1932. 

26. Miller, R. K., and Lauppe, F. A.: Mastoiditis Following Skull Fracture, 
J. Michigan M. Soc. 29:912 (Dec.) 1930. 
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the diagnosis of fracture of the skull certain, but in some instances the 
fluid is undetected owing to its admixture with blood. 

The escape of cerebrospinal fluid from the ear was observed in 2 of 
our patients, both of whom died. Meningitis occasionally develops in 
cases of fracture involving the middle ear. 

Bleeding from the nose and throat is of interest in that in uncon- 
scious patients some of the blood may flow into the trachea and bronchi 
and initiate pneumonia. It may also produce sounds in the trachea that 
simulate those of pulmonary edema. In 3 of our cases bleeding from 
the mouth was due to an associated fracture of the mandible. 

The pulse rate varied so widely and was influenced by so many 
factors that we do not consider it a dependable guide. Many patients 
on admission showed a very rapid and feeble pulse owing to shock, 
and in many of the fatal cases the rapid pulse persisted until death. 
Bradycardia was of importance in some cases. It was present in 16 
patients on admission; 13 of these patients died, while in the remaining 
3 the pulse rate returned to normal within twenty-four hours. In 6 

Table 6. — Paralysis 



Total 
Number of 

Nonfatal 

Fatal 


Cases 

Cases 

Cases 

Cranial nerve paralysis 

70 

47 

23 

Facial nerve paralysis, alone 

26 

17 

9 

Hemiplegia 

31 

4 

27 

Monoplegia (exclusive of that of cranial nerve) 

10 

3 

7 

Motor aphasia 

1 

1 

0 


patients brad 3 '^cardia developed after four days, persisted for several 
days and then disappeared. The changes in the volume of the pulse 
and the rapidity with which they occurred impressed us more than did 
the changes in the pulse rate. 

The temperature on admission of the patients who were in a state 
of shock was subnormal. All patients who were not in a state of shock 
showed an average temperature range of between 100 and 101 F. The 
temperature showed wide variation within a few hours, and in the fatal 
cases, even in the absence of infection, it rose sharply to 105 or 106 F. 
just before death. In practically all of the nonfatal cases, irrespective 
of the temperature on admission, the temperature ranged between 99 
and 101 F. for several days, and then descended to normal. 

The neurologic aspects of these cases were studied by Dr. George 
A. Blakeslee and his associates. The incidence of various forms of 
paralysis is shown in table 6. 

Dementia paralytica was observed in all fatal cases just before death. 
Abnormal reflexes were observed in most of these cases, and varied 
according to the site of the lesion. Convulsions were observed in 22 
patients, 18 of whom died. 
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Vonnling is frcciucntly inentionccl as a symptom, but it was observed 
only 11 times in this series; in a single instance the vomiting was 
projectile. 

Rigidity of the neck in the absence of meningitis was noted in 11 
cases, and some of these cases exhibited a suggestion of a Kernig sign. 
Russell observed rigidity of the neck 38 times in 200 cases, and stated 
that “it is often a sign of subarachnoid hemorrhage.” Vance said: 
“The occurrence of a rigid neck and a positive Kernig sign can be 
caused hv a subarachnoid hemorrhage.” Older and Hurwitz observed 
stiffness of the neck in 19 of 22 patients whose condition was diag- 
nosed as spontaneous subarachnoid hemorrhage. They found the Kernig 
sign frequently present. We do not deny that subarachnoid hemor- 
rhage may produce nuchal rigidity, hut it seems to us that in some of 
our cases it could he explained by concomitant injur}- of the muscles 
of the neck at the time of the original injury and in others by the way 
the assistant bent the neck while the spinal puncture was being done, 
especially if the patient strained at this time, in some cases thereby 
producing muscle strain with or without a sprain of the ligamentum 
nuchae. This is supported by the fact that 2 of our patients showed a 
clear spinal fluid, and many patients with fracture of the occipital bone 
failed to show rigidity of the neck. 

Urinary incontinence occurred frequently in this series, and we 
deemed it a most important prognostic sign. During the early part 
of this work, its occurrence was not always recorded, and so it is 
impossible for us to present complete figures. We have observed it in 
more than 50 cases. W feel safe in sa}dng, however, that it occurred 
in the great majority of fatal cases, and that its occurrence in a patient 
not under the influence of alcohol is of grave prognostic significance. 
The beds of these patients are wet, and there is never incontinence of 
feces. If urinary incontinence persists in an alcoholic patient after 
the influence of alcohol has worn off, this persistence is in our opinion 
indicative of severe cerebral injury. The postmortem obser\-ations in 
cases showing urinar}’^ incontinence were laceration of the brain and 
compression of the brain from subdural or extradural hemorrhages. 

Associated injuries were present in 23 instances, as outlined in 
table 7 . 

Readings of blood pressure were made on every patient as soon 
after admission as possible. The highest systolic pressure recorded was 
240 mm. of mercury, with a diastolic pressure of 110 mm., while the 

27. Russell, Ritchie : Discussion on the Diagnosis and Treatment of .Acute 
Head Injuries, Proc. Roy. Soc. Med. 25:751 (March) 1932. 

28. Ollier, W. R., and Hurwitz, David: Spontaneous Subarachnoid Hemor- 
rhage, J. M. .A. 98:1856 (May 28) 1932. 
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lowest pressure was so low that it could not be read (in this patient 
the reading was zero for about thirty minutes, after which it rose to 
70 mm. systolic and 40 mm. diastolic, and it remained at or about that 
level until the patient died three days later). In 54 fatal cases the 
systolic pressure was above 130 mm. of mercury, and averaged about 
150 mm., while in 11 fatal cases the systolic pressure was below 90 mm. 
In fatal cases the blood pressure readings were either above or below 
normal. No patient that recovered exhibited a systolic pressure below 
90 mm., and most of the patients with nonfatal cases were found to 
have a blood pressure that was normal or nearly so. The relationships 
between the gradual increase in intracranial pressure and the blood 
pressure are definitely known, but we are not satisfied that the varia- 
tions in blood pressure and its relationships in cases of cerebral trauma 
are as simple as is generally believed. W e have occasionally found the 

Table 7. — Associated Injuries in Addition to Fractured Skulls and Intracranial 

Injuries 


Fracture of: 

Femur 

Mandible 

Humerus 

Bibs 

Vertebrae 

Pelvis 

Tibia and flbuia 

Metacarpals 

Clavicle 

Patella 

Ruptured spleen 

Massive contusion of back 


Number of Cases Number of Fatal Cases 


4 

3 

5 

4 
2 
1 
2 
1 
1 
1 
1 
1 


3 

1 

1 

3 

2 

0 

2 

1 

0 

0 

1 

1 


Total 


24 


15 or 02.5% 


same mechanism at work in these cases of trauma as in cases of tumor 
of the brain, but we feel in general that there are one or more added 
factors due to the trauma and also that there is insufficient time for 
the various compensatory and regulatory mechanisms of the cerebro- 
spinal and circulatory systems to get into play, as they undoubtedly do 
in cases of slow cerebral compression ; therefore the process is extremely 
complicated and difficult to interpret, except in its obvious phases. 

Diagnostic spinal taps are made as a routine on all patients imme- 
diatel}^ after their admission to the hospital. This procedure is simple 
and harmless when properly done, and we justify its routine use, after 
admitting that in an occasional case harm may result, on the grounds 
that in man}”^ cases acute craniocerebral injury would otherwise be 
undiagnosed and untreated. The Ayer water manometer is used for 
all pressure readings. We discarded the small mercury manometer 
after using it for several years, as it was not as accurate or reliable as 
the water manometer. Our findings are shown in table 8. 
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Jackson,-^ Sharpe."" Rodman,®* Fay and many other serious 
workers have stressed the value of determinations of spinal fluid 
pressure as a guide to treatment. In the average fatal case the intra- 
spinal pressure was above normal ; on the other hand, not infrequently 
we found hypotension. In a few cases readings were not made because 
of the death of the patient soon after admission to the hospital, and a 
few patients refused to have the determination made. It is unwise to 
place too much emphasis on lumbar pressure readings, owing to the fact 
that the rise and fall of intraspinal pressure often occur suddenly and 
without apparent cause; and, too, ver^- slight changes produce marked 
variations in the readings, as for example, respiration and slight changes 
in position. [Many cases in which injur}" was suspected and which later 
proved to be instances of alcoholism showed high pressure although 
there was no injury. In the absence of other obvious clinical signs, 
these readings have aided us little as regards prognosis. 

T.-M5LE S. — spinal Fluid Pressure Readings 


Spinal Fluid 
Pressure Rendines 
in Mm. ot Water 

Class A 

Craniocerebral 

Injuries 


Class B 

X. 


Group 1 

Skull Fractures 

Group 2 

Intracranial Injuries 

on Admission 






— > 

to Hospital 

Lived 

Died 

Lived 

Died 

Lived 

Died 

0 to 50 

1 

3 

10 

4 

4 

<> 

50 to 120 

57 

6 

32 

2 

31 

2 

120 to 200 

23 

9 

3S 

C 

15 

0 

200 to SOO 

11 

3 

7 

5 

14 

i 

300 to 500 


2 

4 

5 

4 

1 

500 to 700 

0 

3 

1 

5 

1 

0 

Total 

94 

26 

92 

27 

69 

s 


After the spinal fluid pressure reading is made, about 5 cc. of spinal 
fluid is collected separately in three test tubes, and the fluid in the third 
test tube is sent to the laboratory for a red and a white cell count. 
The red cell count is recorded on every patient’s chart. We no longer 
speak of a “pink” or a “bloody” spinal fluid, but describe it in terms 
of the red cell count. This is done in the interest of greater accuracy. 
An opalescent spinal fluid was obsen'ed 8 times. Err-throcyte and 
leukocyte counts of the spinal fluid were made in 85 nonfatal and in 
47 fatal cases of proved fractured skull. In the 85 nonfatal cases the 
average red cell count was 39,289, while the average white cell count 

29. Jackson, Harrj-: The Management of Acute Cranial Injuries hy the Early, 
Exact Determination of Intracranial Pressure and Its Relief by Lumbar Drainage, 
Surg., Gynec. & Obst. 34:484 (April) 1922. 

30. Sharpe, IVilliam; Diagnosis and Treatment of Brain Injuries n'ith and with- 
out Fracture of the Skull, Philadelphia, J. B. Lippincott Companj', 1920. 

31. Rodman, J. Stewart: Editorial, Surg., G 3 -nec. & Obst. 48:437 (March) 
1929; Surgical Management of Cranial Injuries, Ann. Surg. 92:1017 (May) 1931. 

32. Fay, Temple; Head Injuries. The Results Obtained with Dehydration in 
Forty -Eight Consecutive Cases, J. Iowa M. Soc. 20:447 (Oct.) 1930. 
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was 653, and the average differential count was pol 3 nnorphonuclear 
leukocytes 60 per cent and lymphocytes 37 per cent. The hemoglobin, 
according to the Sahli method, averaged 13 per cent. In the 47 fatal 
cases the red cell count averaged 857,813, the white cell count averaged 
1,170, and the differential count averaged polymorphonuclear leuko- 
cytes 65 per cent and lymphocytes 34 per cent ; the average hemoglobin 
was 21 per cent. It is seen that the more serious the injury, the higher 
was the red cell count, as well as the white cell count and the percentage 
of hemoglobin. 

Urinalyses were made on 318 patients, and in many cases several 
examinations of the urine were made. Dextrose was found in the urine 
of 19 patients, and of these 19 patients 6 died, or 31.5 per cent. All 
patients that were conscious were allowed to void urine, while uncon- 
scious patients were catheterized. In cases of incontinence a urinal 
was adjusted to the penis to collect the urine. Determinations of blood 
sugar were made on 35 unconscious ^patients ; the amount was above 
120 mg. in 12 patients, or 31.4 per cent. Seven of the 12 cases exhibit- 

Table 9. — Erythocyte and Leukocyte Counts in Cases of Fractured Skull 


Ilccl coll count, iivornffc 

Wlilto cell count, nvorupo.. 
DllVcrcntlal count, nverace 
Polymorplionuclcars. 

I.yrnpliocylo.s 

IleinoKloPln 


; Nonfntnl Cases 

S4 rntnl Cases 

4,404,4SG 

4,303,704 

o,m 

12,y57 

tm 

C2% 

24% 

21% 

81% 

77% 


ing hyperglycemia were fatal. The blood sugar level was normal or 
below normal in the remaining 23 cases. The blood for the determi- 
nations of blood sugar was taken immediately after the arrival of the 
patient in the ward. Our findings are, therefore, at variance with those 
of Mock and de Takats,^® who stated that “head injuries of sufficient 
severity to cause unconsciousness result constantly in hyperglycemia.” 
Their opinion is based on an experimental study and observations made 
in 10 clinical cases. Only 3 of the cases that showed hyperglycemia 
showed sugar in the urine. We made subsequent determinations of 
blood sugar at twenty-four hour intervals on the 12 hyperglycemic 
patients, and in only 2 instances did the blood sugar level remain above 
normal for over twcnt 3 "-four hours. 

Erythroc\'te and leukocyte counts were made in 142 non fatal cases 
of proved fracture of the .skull and in 54 fatal cases of fractured skull. 
The average counts are shown in table 9. 

The blood was e.xamincd within four hours after the patient s 
admission. Cases showing associated injuries were excluded from 

.1.3. ^fock. Harry E., and dc Takal.s. G. : IT.vpcrfjIyccmia Following Head 
Injuries, .Ann. .Surx. 90:190 (Aug.) 1929. 
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this group. There was a higher white cell count in the fatal cases, but 
our figures are not nearly as high as those obtained by ^^'right and 
Livingston."^ ^^Tight and Livingston have called attention to the diag- 
nostic value of leukocytosis in intradural hemorrhage, and Moody 
considered it of diagnostic value in extradural hemorrhage. 

Roentgen examination is one of the most imponant examinations 
to be made in these cases. Our routine is to have roentgenograms 
made while the patient is in transit from the office of admission to the 
wards, unless he is in a state of very deep shock. L’nconscious patients 
must be handled with extreme gentleness, and exposures made with 
rapiditv by one skilled in taking roentgenograms of the skull. The 
diagnosis of fracture of the skull can be made in living persons with 
certainty only by means of roentgen examination, except in cases of 
penetrating wounds of the skull, which are usually compounded and 
depressed and in which ^ne can see direcd\- that the skull is fractured. 

• Stereoscopic plates should be made in each case, and we advise the 
taking of views of the frontal and occipital and of the Uvo lateral 
regions of the skull, making eight films in all. We do not tr}- to get 
a roentgenogram of the base of the skull, because in our opinion it is 
dangerous. In our experience most basal fractures extend upward onto 
the lateral walls for a sufficient distance for them to be detected in an 
ordinar}- eight film study. Flat plate studies are practically worthless, 
as they do not give ^g- 4 )roper concept of the fracture if one is found, 
and, too, it is impossible in many instances to differentiate suture lines 
and vessel markings from fractures. In fractures of the frontal sinus 
it is impossible to tell on a flat plate which wall of the sinus is fractured. 
We obtained roentgenograms showing evidence of fracture in 263 of 
the 347 cases, or 75 per cent. Stewart reported a roentgenologic 
study of 300 cases of so-called ‘'head injuries" from Harlem Hospital 
in 1925, in which 20 per cent of the cases showed evidence of fracture. 
Fay reported an incidence of 24.8 per cent of fractures proved by 
roentgen examination and seen at operation in a series of 189 cases. 

In only 2 of our 35 fatal cases, in all of which autopsy was per- 
formed. did the autopsy disclose a fracture that we were unable to find 
on roentgen examination. We were able to make the diagnosis of com- 
bined epidural and subdural hemorrhage in 4 cases by means of roent- 
genologic study ( the diagnosis of epidural hemorrhage was based on 
the fact that there was comminution of bone over the groove of the 

.S4. Wright. .Arthur W.. and Livingston. Eduard ^[. : The Leucoo-tc.^is of 
Internal Hemorrhage. Xew York State T. Med. 23:2S6 flulv) 1932, 

35. Moody. W. R. ; Fracture of Cranial Bones, with Especial Reference to 
Extradural Hemorrhage. J. A. M. .A.. 74:511 CFeb. 26) 1920. 

30. Stewart. William H.: Skull Fractures. Xew York. Paul B Ho-b'-r Inc 
p. 5. 
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middle meningeal artery). Three of these patients were operated on; 
2 died and 1 lived. Autopsy in the 2 fatal cases in which operation 
had been performed and in the fatal case in which there had been no 
operation showed a large laceration of the brain complicating the extra- 
dural hemorrhage. Luckett stated several years ago that sjmiptomless 
fractures are relativel)'- common after even apparently trivial violence, 
and urged the routine use of roentgen examination in all instances in 
which injur)^ of this type is suspected. Encephalograms have been 
made in some of these cases, and we can testif}’’ to their value in giving 
information regarding permanent damage done by the trauma, as was 
first pointed out and demonstrated by Pancoast and Fay.®® One of 
Grant’s ®® cases of chronic subdural hematoma showed the value of 
roentgen examination in helping to make the diagnosis of this condition 
at times ; we did not have any case of this kind in this series, however. 

In line with the pioneer work of Connors, we used conservative 
nonoperative treatment. In the cases in which operation was not per- 
formed it consisted chiefly of rest in bed, good nursing and the main- 
tenance of nutrition. Early in our rvork we used intravenous injections 
of hypertonic solution of dextrose in 20 seriously injured patients, 19 of 
whom died; we stopped using this treatment, as we are now of the 
opinion that the patients who live after receiving injections of dextrose 
would live without them, and in some instances it seemed to us that 
the injections hastened death. Death in these cases is due to cerebral 
compression from hemorrhage caused by laceration of the brain, and 
as dextrose cannot stop hemorrhage or heal a lacerated brain its use 
seems illogical. 

Browder’s case demonstrates this point, and Jefferson has had 
the same experience in some of his cases. We agree that hypertonic 
solution of dextrose will shrink the brain, but this is a temporary effect, 
and the shrinkage that occurs allows space for more bleeding and a sub- 
sequently larger compressing mass. Recent experimental work on dogs 
by Milles and Hurwitz showed that the reduction of intracranial 
pressure by single doses of hypertonic solutions of salt and dextrose 

37. Luckett, William H., in Stewart, William H. : Skull Fractures, New 
York, Paul B. Hoeber, Inc., 1925, p. 15. 

38. Pancoast, H. K., and Fay, Temple: Encephalography: Roentgenological 
and Clinical Considerations for Its Use, Am. J. Roentgenol. 21:421 (May) 1929; 
Encephalography as the Roentgenologist Should Understand It, Radiology 15:173 
(Aug.) 1930. 

39. Grant, Francis C. : Chronic Subdural Hematoma, Ann. Surg. 86:485 
(Oct.) 1927. 

40. Browder, Jefferson: Dangers in the Use of Hypertonic Solutions in the 
Treatment of Brain Injuries, Am. J. Surg. 8:1213 (June) 1930. 

41. I^lillcs, George, and Hurwitz, Paul: The Effect of Hypertonic Solutions 
on Cerebrospinal Fluid Pressure, with Special Reference to Secondary Rise and 
Toxicity, Arch. Surg. 24:591 (April) 1932. 
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is transient, and that a secondary rise in pressure follows which may 
occasion death. Weed and his co-workers’ ■*- original work was done 
on cats with normal brains, and not brains that had been subjected to 
severe trauma and compressed by blood clots. We can testif)'- to the 
fact that in the human subject hypertonic dextrose solutions will pro- 
duce an almost instantaneous shrinkage of the brain. This was seen 
during an operation on a patient who showed focal signs of pressure; 
when we opened the dura, the arachnoid seemed full of fluid and 
the brain bulged into the opening (at this time 50 cc. of a 50 per cent 
solution of dextrose was given intravenousl}^ and immediately the brain 
shrank and its convex surface became concave, as if the ventricle on 
that side had suddenly emptied itself of fluid) . Solutions of magnesium 
sulphate were not used in the rectum, because previous experience at 
this hospital had shown this treatment to be unsatisfactory. 

Lumbar drainage was used in only 15 cases, and we do not advocate 
its use. In November, 1931, we used lumbar drainage combined with 

T.A.BLE 10. — Operations 


Total number of cases 34i 

Total number of operations IS 

Compound depressed fracture (1 death or S 

Simple depressed fracture fno deaths) 4 

Combined epidural and subdural hemorrhage, dura not opened (3 deaths or 75%) 4 

Subdural hemorrhage with focal signs (2 deaths or 100%) 4 

Total number of deaths (33.5% mortality) C 


limitation of the intake of fluid, as suggested by Fay, in 15 patients, 
and these patients seemed so much worse clinically than is usual that 
we discontinued the use of drainage and stopped limiting the intake of 
fluid. The idea has grown with us, since we have heard of so many 
permanent poor end-results in other clinics, that the drying of the brain 
and spinal cord and of the leptomeninges may. since it is unph 3 ’sio- 
logic, contribute no small amount to such an unsatisfactory end-result. 
We are trying to check as many of our end-results as possible by means 
of encephalograms, ^^'e have used phenobarbital and am 3 -tal with good 
results in alla 3 -ing excitement due to cortical irritation. In 2 cases we 

■^ 2 . Weed. Lewis H,. and McKibben. Paul S. : Pressure Changes in the Cere- 
brospinal Fluid Following Injection of Solutions of Various Concentrations, Am. 
J. Physiol. 43:512, 1919. Weed. Lewis H.. and Hughson, Walter: Systemic 
Effects of the Intravenous Injection of Solutions of Various Concentrations with 
Reference to the Cerclmospinal Fluid, ibid. 58:53, 1921 : The Cerebrospinal Fluid 
in Relation to the Rony Encasement of the Central Nervous System as a Rigid 
Container, ibid. 58:85. 1921 : Intracranial Venous Pressure and Cerebrospinal 
Fluid Pressure as .-Xflected by Intravenous Injection of Various Concentrations, 
ibid. 58:101. 1921. 
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have used avertin with good results. Patients in a state of shock are 
given fluids by mouth and by hypodermoclysis, the amount varying with 
each case. 

The patient is kept warm at all times, and suction is used to keep 
the throat clear of blood and mucus. In unconscious patients nutrition 
is maintained by means of duodenal feedings and nutritive enemas. 
The bed is put in Fowler’s position, and elderl}^ patients are placed on 
an air mattress. 

Operations were performed in all cases of compound depressed 
fractures, in some of simple dejDressed fractures, and in those with epi- 
dural or suspected epidural hemorrhage. No patients with fractures 
of the frontal sinus were operated on, although when we had a case in 
which we were certain that the dura was torn we operated and closed 
the dura, as suggested b}’’ Teachenor.'*^ No operation was performed 
for cerebral compression, as it is our belief that if the patient lives he 
would have lived without operation. Eighteen operations were per- 
formed in this series, as shown in table 10. 

CONCLUSIONS 

1. This study confirms the work of others showing that the non- 
operative treatment of fractured skulls is the best treatment known 
today. 

2. Much more intensive investigation is needed to lower still further 
the mortality in these cases. 

43. Teachenor, F. R. : Intracranial Complications of Fracture of the Skull 
Involving Frontal Sinus, J. A. M. A. 88:987 (March 26) 1927. 



FIBRO^IYOMA OF THE UTERUS 


REPORT OF A CASE OF A SIXTY-FIVE POUND SOLID FIBROJIYOMA, 
WITH A REVIEW OF LARGE CYSTIC AND SOLID UTERINE MYOMAS 

JAMES C. OWINGS, M.D. 

BALTIMORE 

jMy object in writing this paper is to place on record the operative 
removal of an exceptionally large myoma of the nterns, and at the same 
time to learn, if possible, from a review of similar cases, if anytliing 
further could have been done to promote a more successful result. I 
was also interested to see how this tumor compared in size with others 
reported in the literature and what the mortality in a series of such cases 
would be. Knowledge of mortality is ver}' important, because the 
question always arises in the mind of both the patient and the surgeon 
whether it is worth while to attempt operation when the tumor has 
reached such huge proportions. I felt that I might pick up some 
details of technic, at operation, in preoperative or postoperative care, 
that might help me should a similar case present itself. Therefore, 
the literature on this subject was reviewed, as far as possible, back to 
the beginning of the period of aseptic surger}". I set 30 pounds 
(13.6 Kg.) as the arbitrar}^ minimum weight limit of the tumors to 
be included in this series, and was able to collect over thirt}> cases that 
had complete enough records to make them valuable. 

REPORT OF A CASE 

History. — yirs. Dora C., aged 56, a housewife, was admitted to the service of 
Dr. T. S. Cullen at the Church Home and Infirmary, Baltimore, on Jan. 31, 1931. 
Her chief complaint was swelling of the abdomen of twenty years’ duration. The 
family history was essentially unimportant. Her menstrual periods began at the 
age of 13, lasted from three to four days, were never painful or excessive in 
amount, and ceased completely nine years before the present admission. Since this 
time there had been no discharge of any sort and no pelvic pain. The patient had 
been very dyspneic on even the slightest exertion for as long as eight years and 
had been gradually getting worse in this respect as the tumor had enlarged. She 
bad had to sleep on several pillows for some time, and lately had had to sit up 
at night. She had been constipated, but otherwise the gastro-intestinal system had 
been normal. There had been no urinary symptoms of any sort. 

The present illness began twenty -one years ago. following an alxirtion ; the 
patient’s family doctor noticed that there was a small hard lump in the right lower 
(luadrant of the abdomen. He felt that this was probably a tumor of the uterus 
and advised operation, but she refused to have anything done. The mass continued 
to grow, moving upward and outward. No pain or other discomfort was associ- 



898 


ARCHIVES -OF SURGERl 


ated with its increase in size, until lately. As the mass increased in size and 
tension became greater on the abdominal wall, a small ventral hernia which had 
been present increased gradually to a very great size until it reached nearly to 
the patient s knees, hanging down like an inverted cone with the base uppermost. 
Four years ago, because of the weight and appearance of the tumor, the patient 
sought the advice of Dr. Cullen. He advised surgical removal, but she again 
refused operation. For the past two years she had been a semi-invalid because 



Fig. 1. — Front view of Mrs. Dora C. to show position of the lobules of the 
tumor preoperativcly. 

of the weight of the tumor and shortness of breath. Three weeks ago she had a 
period when she suffered marked chills and fever, and the abdominal tissues over 
the most dependent portion of the tumor became very red and sore. liospitaliza- 
tion was advised, and after much hesitancy the patient finally consented to be 
admitted. 

Physical Examination. — The patient was well developed and nourished and was 
lying in bed on her right side, propped up with pillows to an angle of about 45 
degrees. Fler color was not very good, and respirations were rapid and rather 
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shallow. The general physical e.\amination gave essentially negative results except 
for the cardiorespiratory system. There were slight enlargement of the heart, 
a few moist rales at the bases of both lungs and edema of the lower portion of 
the abdomen, legs and ankles. However, the respirator^' rate was onh- 24 and 
the pulse rate, 90. The blood pressure was 100 s 3 'stolic and 65 diastolic. 

The abdomen presented the chief point of interest. There was a huge umbilical 
hernia which extended in a conical form 11 inches (27.9 cm.) below the S 3 'mph}'sis 
pubis and was from 6 to 9 inches (15 to 22.8 cm.) in diameter. The walls of the 
abdomen and the hernia were ver 3 ' tense and showed dependent edema. The 
abdomen measured at the waist 55 inches (139.7 cm.), whereas normalh- the 
patient said her waist measured only from 32 to 34 inches (81 to 86 cm.). The 
abdomen was so tense and there was so much edema present that no good idea of 
the contents could be gained at this time. A little clear fluid was leaking from a 
point where a paracentesis had been made. Rectal examination gave negative 



Fig. 2. — Lateral view of !Mrs. Dora C. to show position of the lobules of the 
tumor preoperativeh'. 

results. Pelvic examination showed relaxation of the outlet. Through the vagina 
no tumor mass could be made out because of the fluid present. It looked ver 3 ' 
much as if a large ovarian C3'st with ascites was being dealt with. 

On Februar 3 - 2, after more fluid had been drawn oft and more leakage had 
occurred, a huge, irregular, hard mass could be felt filling the entire abdomen and 
also the large hernial sac. The tumor was clearh' an unusualh' large fibroid and 
not an ovarian ct-st. 

.A.fter several days, during which time the patient was digitalized and hot com- 
presses were applied to the area of induration of the abdominal wall until it had 
coinplctclt- cleared up, operation was decided on. as the maximum preoperative 
improvement had been reached. The patient was clearh- not a good risk, but sorne- 
tliing had to be done if an_v improvement could possilih- lie expected. 

0('cration (Dr. Cullen. February 7). — An elliptic incision was made, e.xtcnding 
from one side to the other and embracing the hernia. The breadth of the ellipse 
Was about IS cm. The flap was gradualh’ dissected free and the hernial ring 
exposed. It was 14 cm. across. The hernial sac contained a large myoma. Wlieri 
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the sac was opened still further, a second myomatous nodule appeared, then a third, 
and then a loop of large bowel which was adherent to the sac. Omental vessels 
ran into the surface of the tumor. 

After the hernia was reduced and its contents freed, the large abdominal tumor 
was gradually delivered. There were five lobes in all. After the tumor was deliv- 
ered, the vessels were tied from left to right; the left tube and ovary were not 
removed. It was difficult to get one’s bearings. Down the right side was a 
lobule 12 cm. in diameter. It was situated in the broad ligament and was exceed- 
ingly difficult to enucleate. When the vessels were being clamped, a white cord 
was seen which appeared to be the right ureter and which finally proved to be this 
structure. How it was avoided, I do not know. The entire mass was removed, 
and all bleeding points were checked, but there was troublesome oozing in the 
broad ligament on the right side where the myoma had been shelled out. Two 
cigaret drains were left in this ligament and brought out through a right gridiron 
incision. 

The appendix was tied up in adhesions and thickened ; it was removed. The 
abdomen was then closed. 

The patient stood the operation quite well until the last fifteen or twenty min- 
utes, when her pulse became rapid and very weak. She received nearlj'’ 500 cc. 
of salt solution intravenously on the table and an infusion was also started. When 
she left the table her pulse was barely perceptible and could not be counted. Her 
color was poor, and she felt cold and clammy. The wound was dressed in the 
usual manner and a tight abdominal binder applied. No fluid was put into the 
abdomen. 

Postoperative Course . — Following the operation the patient was temporarily 
moved into a side room still on the operating table, the head lowered, the body 
surrounded by hot water bottles and wrapped in warm blankets, and a transfusion 
of 500 cc. of citrated blood was given. During the succeeding twenty-four hours 
she received 1,000 cc. of coffee and saline by rectum in divided doses of 250 cc. 
each. Physiologic solution of sodium chloride by infusion and intravenously, 
2,050 cc., 1 grain (0.065 Gm.) of morphine, grain (0.048 Gm.) of ephedrine 
(hypodermicalljO, 16 minims (1 cc.) of epinephrine (hypodermically), 58 grains 
(3.75 Gm.) of caffeine in doses of 7^2 grains (0.49 Gm.) and 2 ampules of camphor 
in oil. At the end of this time she had failed to rally. Her pulse was 140, respira- 
tions, 24, and temperature, 101.6 F. On the following day, February 8, this same 
treatment was repeated together with another transfusion of 500 cc. of blood, but 
still the condition of shock persisted, and although the patient was conscious and 
talking rationally during most of this period, her condition gradually became worse, 
so that b 3 " midnight the temperature was 102.6 F. ; the pulse rate, 140, and respira- 
tions, 44 ; she finally died at 2:35 a. m., February 9. It seems remarkable that in 
spite of all our efforts we were never able to overcome the condition of shock 
which set in during the last few minutes of operation, although the patient lived 
nearlj”- fortj'-eight hours. Permission for complete autopsj” was obtained, but did 
not show anything more than we already knew, as all the organs seemed entirely 
normal except for slight enlargement of the heart and a little edema at the bases 
of the lungs. 

Gross Description of the Tiiiiwr (Dr. Norwood). — The specimen was that of 
a huge lobulated fibromj-oma of uterine origin. It measured 30 by 60 cm. and 
weighed 65 pounds (29.5 Kg.). There were no areas of degeneration on the cut 
surface. No structure could be definitelj' identified as being uterine or ovarian 
tissue. One flattened out structure on the anterior surface of the tumor looked like 
a tube. 
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Microscol'ic Examination . — Examination under the microscope showed perfectly 
uniform typical fibromyomatous tissue with no degenerative changes. 

A comprehensive analysis of the foregoing cases is not possible 
because of the many factors involved, but when one looks over the list 
superficially certain things stand out. Evidence of severe involvement 
of the cardiovascular system of the patients preoperativeh', such as 
dyspnea, orthopnea, enlargement of the heart and edema at the bases 
of the lung, has usually been an indication that the patient would not 



Fig. 3. — Specimen immediately after operation. 


survive operation. The time consumed at operation and the fact as to 
whether the release of abdominal pressure was counteracted by e.xternal 
means or by the use of intra-abdominal fluid, such as physiologic solution 
of sodium chloride, have also been two indicators of the outcome, for 
m those cases in which operation was performed quickly and in which 
fluid was used in preference to external itressure. the mortality rate 
has been lower. The consumption of less time and the use of intra- 
abdominal fluid might have given our patient a better chance, wherca'^ 
the fact that she had cardiac enlargement, edema at the ha^es of the 
lungs anil severe dyspnea with rajiiil pulse on the slightest exertion 
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would suggest that following the general rule the chances for a favor- 
able outcome were poor from the beginning. 

The mortality rate of the entire series is 21.4 per cent when the 
tumors removed post mortem and those cases in which the outcome 
was uncertain are excluded. To me this seems surprisingly low, con- 
sidering the size of the tumors, the age of the patients and their general 
condition. This low mortality rate certainly indicates that the surgeon 
is entirely justified in urging operation on patients of this type, for the 
outcome if operation is not performed is certain death, whereas opera- 
tion promises a favorable result in a high percentage of cases. 

When the tumor in the case reported here is compared to the others 
of the same type (solid fibromyoma), it is found that six others have 
been reported that were larger (Wells, 1878, 68jri pounds [31 Kg.] ; 
McIntyre, 1891, 93^^ pounds [42.4 Kg.] ; Penrose, 1897, 87 pounds 
[39.5 Kg.]; Gwinard, 1902, 72^ pounds [33 Kg.]; Brown, 1904, 
70 pounds [31.8 Kg.] ; Cocram, 1910, 95 pounds [43.1 Kg.]. In these 
cases three of the patients made an uneventful recovery and three died. 
Two more cases are reported in which the tumors were of exactly 
the same weight (Ricketts, 1898, and Hicks, 1928), in both of which 
the patients made an uneventful recoveiy. This review did not show 
me anything more than that which is common knowledge in regard to 
the preoperative and postoperative care in these cases. 



DOUBLE GALLBLADDER 


REPORT OF A CASE 


S. F. HERRMAXN, M.D., Pii.D. 

G. S. HICKS, M.D. 

AND 

D. L. MARTIN, M.D. 

TACO.MA, WASH. 

Before the advent of cholecystography, clinical recognition of 
anomalies of the gallbladder was rarel}’ recorded. Boyden ^ reviewed 
the subject of accessory gallbladder in 1926. His figures are based on 
the study of 10,000 domestic animals and 19,000 human beings. He 
found that this anomah" occurred once in ever}- 8 cats, 28 calves, 85 
sheep and 198 pigs and only once in from 3,000 to 4,000 human beings. 
Onl}' 20 cases in human beings were recorded from 1674 to 1926. 
Boyden classified these into (1) vesica divisa, or bilateral gallbladder, 
and (2) vesica duplex, which was subdivided into: (a) Y-shaped, 
with two cystic ducts merging into one, and (b) ductular, with tnm 
complete cystic ducts opening separately into the common duct. 

There were only 4 examples of the ductular variety in his series of 
20 cases. Since the time of Boyden’s publication, several more cases 
of this anomaly have been recorded. Priesel," in 1927, reported a case 
and reviewed the older literature. Other cases of the ductular variety 
have been reported by Garofalo,® Braun, ■* Wolfson ® and Holderman.® 
Wischnewsky " reported a case of the vesica divisa variety and Wake- 
ley « a case in which there was apparently a Y-shaped bladder Avith trvo 
cystic ducts merging into one. 

1. Boyden, E. A.: Accessorj- Gall-Bladder, Am. J. Anat. 38:177, 1926. 

2. Priesel, A. : V erdoppelung der Gallenblase beim Menschen, Virchows 
Arch. f. path. Anat. 265:76, 1927. 

3. Garofalo, F. : A Case of Double Gall-Bladder, Bull. d. sc. med. Bologna 
5:380, 1927. 

4. Braun, A.: Doppelbildung der Gallenblase, Zentralbl. f. Chir. 53:1055. 
1926. 

5. Wolfson, W. L. ; Supernumerary Gall-Bladder. Am. J. Surg. 6:88, 1929. 

6. Holderman, H. H. : Double Gall-Bladder, Ann. Surg. 91:475, 1930. 

/. Wischnewskj', A. W. : Doppclgallenblase wahrend dcr Operationaufgc- 
dcckt. .\rch. f. klin' Chir. 135:779, 1925. 

8- M akeley, C. P. G. : A Double Gall-Bladder Removed by Operation, Brit. 

.1. Surg. 15:334, 1927. 
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Besides these anatomically described cases, 5 cases of double gall- 
bladder have been reported by Nichols,® Climan,^® Hayes and Cave,^^ 
in which the diagnosis was made by cholecystogi'aphy. These cases 
were apparently of the ductular variety, but only in Nichols’ case was 
the organ removed surgically. The undoubted number of such cases 
since Boyden’s summary, therefore, is 6 or, including his 4 cases, a 
total of 10. The other 4 cases discovered by means of cholecystog- 
raphy may or may not belong in this classification. We are adding 
another case to the list, in Avhich the double gallbladder with two com- 
plete cystic ducts was removed surgically. 

This anomaly is best explained by the formation of two embryonic 
buds from the common bile duct, instead of the usual one. These buds 
are originally solid cords of epithelial cells which later acquire a hiwen. 

REPORT OF A CASE 

History . — A white woman, aged, 42, married, Jewish, bad an irrelevant family 
history. A sister had died of tuberculosis in 1918. The patient was married at 
the age of 19 years ; the husband and 4 children were living and well. A child 
had died of Pott’s disease at the age of 3 years, probably contracted from the 
aunt. An abortion had occurred after the third pregnancy. The chief complaint 
was epigastric distress, jaundice and pruritus. 

The patient attributed her present condition to two factors : 1. Four months 
before we saw her, she was dined and wined excessively on a trip to the east. No 
unusual digestive disturbances occurred at the time. 2. Two months before we 
saw her, she was in an automobile collision. There were no definite injuries, but 
she was badly shaken up and spent two weeks in the hospital. During this time, 
she had an attack of severe cramping pain in the epigastrium, with radiation around 
the right costal margin and through to the back. There was residual soreness. 
She then had repeated similar attacks, which usually followed automobile trips, 
but sometimes occurred at night. She belched frequently, was afraid to eat, and 
sometimes induced vomiting to obtain relief. Jaundice began three weeks before 
she consulted us, and had persisted. Intense general pruritus had annoj'cd her 
for over two weeks. 

She had had an attack of similar pain followed by jaundice two and one-half 
years previousb'. Since that time she had been unable to cat veal and pickles. 
There bad been minor attacks of indigestion but no real pain until the present 
illness. During her pregnancies she was troubled with heartburn but did not 
have serious difficulty. 

The patient had had measles and pertussis in childhood. She had had tonsillitis 
frequently previous to tonsillectomy in 1915. Influenza, in 1918, was followed by 
inflammatory rheumatism. Operative repair of a rcctoccle was done in 1929. 

9. Nichols, B. H. : Double Gall-BIaddcr, Radiology 6:255, 1926, 

10. Climan, M. : Duplication of Gall-Bladder Demonstrated by Cholecystog- 
raphy, M. T. & Rcc. 130:73, 1929. 

11. Hayes, R.: Double Gall-Bladder with Double Cystic Duct, Radiology 16: 

)6, 1931. 

12. Cave, P. : Two Cases of Double Gall-Bladder, Lancet 1:751, 1931. 
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Physical Exaaiiimlioi }. — Mxaiiiinatiini revealed a deeply jaundiced, obese woman, 
whose heit;lu was O.i inches (IW cm.') and whose weight was 176 pounds (79.SKg.) ; 
her usual weight was 190 pounds (86.2 Kg.). The temperature was 98.2 F. ; the 
pulse rate. 100; the respiratory rate. 20, and the blood pressure, 130 sj'stolic and 
90 diastolic. The skin and sclcrae were yellow. There were many scratchmarks 
all over the body. Examination of the head showed no abnormality, e.xcept a 
mcKlcrately coated tongue. A roll of fat lay just above the clavicle. The thyroid 
was not palpable. The iiatient did not present adenopathy. The breasts were 



Diagrammatic sketch showing the conditions found at operation in a case of 
double gallbladder of the ductular varietj'. 

large ; no lumps or tenderness was present. There were normal expansion and 
resonance of the chest. The heart and lungs were normal. Percussion tenderness 
below the right scapula was noted. There was deep tenderness in the right hypo- 
chondrium. No masses or rigidity of the abdomen was observed. The edge of 
the liver was not palpable. The perineum was competent. The vagina was normal 
and the cervix short and small. There was a normal, movable uterus. No masses 
Were found. A large, external hemorrhoid protruded posteriorly from the anus. 
The extremities and the tendon reflexes were normal. 

Laboratory Data . — ^The urine was dark because of the presence of bile. The 
specific gnavity was 1.016. Urinalysis showed: reaction acid, albumin: sugar. 
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none; pus, +; granular casts, 1. Examination of the blood showed: hemo- 
globin, 78 per cent (13 Gm.) ; red cells, 4,410,000; white cells, 10,200, with poly- 
morphonuclears, 64; lymphocytes, 29; transitionals, 4, and eosinophils, 3. The 
serum bilirubin was 14.7 mg. and 13.62 mg. 

Duodenal drainage showed only a faint bile stain after the injection of mag- 
nesium sulphate. The coagulation time was eight minutes. 

A roentgenogram, without the use of dye, did not show stones. The diagnosis 
was chronic cholecystitis with stone in the common duct. 

Operation and Course . — During five days in the hospital, 1 drachm of calcium 
gluconate was given three times a day. A diet high in carbohydrate and plenty 
of fluids were ordered. An intravenous injection of SOO cc. of a 10 per cent 
solution of dextrose was given twice daily on the two days before operation. 

On Aug. 13, 1932, the patient was operated on at the Tacoma General Hospital. 
With the patient under spinal anesthesia, a long, oblique skin incision was made 
from the xiphoid to the right of the umbilicus. The fascia was divided in the same 
line, and the right rectus muscle was retracted laterally. The peritoneum was 
incised, and the intestines packed away to expose the gallbladder. The gallbladder 
was enlarged (grade 2) and thick-walled, and contained several stones. It was 
seized with curved forceps, and the peritoneal bands connecting it with the duo- 
denum were snipped with scissors. Two gauze packs were placed, and exposure 
of the common duct was obtained by retracting the duodenum medially. The 
common duct was enlarged to about 2 cm. diameter. Several stones could be 
palpated in it. It was seized with two Allis forceps and incised longitudinally for 
about l.S cm. Much bile escaped, which was taken care of with a suction 
apparatus. Ten faceted, amber-colored stones were removed with a scoop, and 
a probe was passed through the papilla into the duodenum. E.xploration of the 
hepatic ducts gave negative results. A Mayo Robson no. 18 catheter was placed 
to reach up into the right hepatic duct, and the incision in the common duct was 
closed with two layers of chromic 00 sutures. The catheter was transfixed with 
one of these and tied into place. The gallbladder was now removed by first 
e.xposing the cystic duct, which appeared enlarged tremendously, that is, to about 
the size of a thumb. It was divdded between clamps. The cystic artery was then 
located, clamped and cut. The gallbladder mass was then peeled out of its fossa. 
The cystic artery was ligated separately. The large cystic duct stump was closed 
with two layers of 00 chromic sutures. At the time it was not recognized that 
we were dealing with two cystic ducts, instead of one, but the structure was too 
wide for simple ligation. The gallbladder fossa was covered by suturing peritoneal 
flaps at the edges. A strip of iodoform gauze was placed next to the gallbladder 
fossa, and this was covered with a plain Penrose drain. A Penrose cigarct drain 
was placed in Morrison’s pouch. The appendix was seen to be obliterated. It 
was not disturbed. The wound was closed in the usual manner, bringing the 
drains out at the lower end of the incision. Tiic immediate postoperative condition 
was excellent. 

The convalescence was interrupted by severe and alarming hemorrhage on the 
ninth day, apparently secondary to infection of the wound. Tlicrc was general 
persistent oozing from the fatty subcutaneous layer of the wound. .After trans- 
fusion, the wound was opened in its entire length to clear out pus and blood. 
Gauze packing sfiakcd in an e.xtract of blood platelets controlled the bleeding. The 
patient left the liospita! at tlie end of finir weeks. She has regained normal 
health and strength. 
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• {Dr. .U(ir/ii!;.— The uiio]iciic(I {lallbladdcr measured S cm. 

cneth by 4 cm. m the .ercatcsl diameter, wliicli was tlie distance from the 
area oi tbe attachment to the liver to the opposite surface. It was only on section 
la^ 1 1 C roughly ovoid organ was found to contain two separate cavities of unequal 
cn.,t 1 and diameter, both surroundetl by a common, fascial coat, and each with a 
uct separated from the other throughout its course in the specimen. 

_ he larger of the two cavities measured 8 cm. in length by 7 cm. in circum- 
ference, and contained three dark, smooth, stfines moderately faceted, measuring 
>> cm across. 1 he short cystic duct leading from this cavity was slightly tortuous, 
au lad a diameter of 2 or 3 mm. The smaller cavity measured 5 cm. in length 
cm. in circumference, and contained four small, dark, heavily-faceted con- 
cretions, \ arcing in greatest diameter from 5 to 12 mm. The cystic duct from tlie 
-ma er cavity was straight and large, measuring 1 cm. in diameter. The walls of 
th'^ 1 moderately thick, that of the smaller cavity being appreciably 

1 C -er than that of the larger. The gross appearance of the mucosa was that of 
a normal-appearing trabeculation slightly accentuated in tbe smaller cavity. 

^ n addition to the gallbladder there were ten small, dark, smooth heavih'- 
laceted stones similar in size and appearance to tliose seen within the smaller cavitc'. 

s icroscopic sections from the wall of the larger cavity of the gallbladder 
s o\\e well developed villi covered by columnar epithelium and many glandlike 
projections beneath the mucosa, some extending among the muscle bundles of 
e muscular layer. Cellular infiltration of the mucosa was moderate and diffuse, 
n was most conspicuous about the deeply -penetrating glands among the muscle 
muscular coat was about twice the normal thickness, and showed 
3- I use, cellular infiltration among which were a few pus cells. 

^^hons from the wall of tlie smaller cavity showed a similar picture, the 
erences being less conspicuous mucosal villi, milder and more superficial, 
g an ular invasion, a thicker muscular coat and a greater tendenc}’ toward peri- 
vascular, focal infiltration of lymphocytes, plasma cells and endothelial leukocytes. 

IS mj' belief that this was a true, double gallbladder having its origin in tivo 
c a anlagen producing ducts of greatly unequal size and two mucus-lined cavities 
surrounded bj- a common fascial coat, though each had its own muscular invest- 
ment. Judging, also, bj' color, shape and size, it seems most probable that the 
stones found in the common duct were formed in the smaller cavity, from which 
e> easily escaped through the unusually large cystic duct leading from it. 


The accompanying diagrammatic sketch is self-explanatory. It shows 
the conditions found in this case of true double gallbladder of the 
huctular variety. 



PYLEPHLEBITIS 


HARRY KOSTER, M.D. 

AND 

LOUIS P. KASMAN, M.D. 

BROOKLYN 

In the three and one-half year period from July 1, 1928, to Dec. 
31, 1931, 4 cases of pylephlebitis were encountered at operation. Of 
this number, 3 were found as complications of 1,027 cases of acute 
appendicitis and 1 of 112 cases of acute cholecystitis. Although rela- 
tively uncommon, the dread results make this a formidable complication 
of acute intra-abdominal visceral disease. 

Pylephlebitis may be developed in three ways; (a) by direct intro- 
duction of organisms into the lumens of vessels emptying into the portal 
vein; (&) by continuity from continuous organs when pyogenic organ- 
isms pass through the vessels from without, causing first phlebitis and 
then thrombosis ; (c) in infections of the blood stream in which collec- 
tions of micro-organisms that pass through other capillaries may settle in 
the liver because of the retardation of the blood stream where they 
multiply and then reach the portal vein and cause thrombophlebitis. 

In this article we are concerned entirely with the pylephlebitis aris- 
ing from the direct introduction of organisms into the lumens of vessels 
which empty into the portal vein, the focus of infection being either the 
appendix or the gallbladder. In such instances, the portal vein is found 
to be thrombosed and suppurative, the branches being dilated and filled 
either with pus or with brownish-green or greenish-black thrombus, and 
the periportal tissue is infiltrated with yellowish-green or slate-blue pus. 
The surface of the liver may show numerous small, light spots, and only 
after section can the relationship of these suppurative areas to the 
portal system be recognized. On the surface of the liver there may 
also be clay-colored necrotic foci and dark areas of congestion. The 
abscesses which develop around the portal vein spread and follow the 
Iwanchcs of the vein, and early in the disease tlie hepatic lobules can 
still be recognized. Subsequently, however, the hepatic cells become 
completely destroyed, and larger coalesccnt abscesses occur. These 
lobular abscesses become confluent, and a cavity system dcn'clops. with 
manv bulgings filled with thick pus which may have a fetid odor. Ihe 
contiguous tissue frequently .shows a grayish-green discoloration. 
The pathologic picture of the disease will be more completely dc.scribcd 
in the report of the individual cases. 


From the Rosier Oinic, Crown HciRhl.s Hospital. 
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)!i;i*OHT OK CASi;S 

Ca?E 1. — History. — C. I’., n inrin, nRcd -15. was admitfccl to the hospital on Jan. 
20. 1929. comiilnininR of p,Tin in the itppcr portion of his abdomen, fever and chills. 

On January 2, the patient cfiinplained of a chilly feclinp followed later by pain 
>n tiic lower ri.eht side of the chest. Me remained in bed for two weeks, during 
whicli time he was treated for i)leurisy. His condition steadily grew worse, and 
he was taken to the hospital. 

Exaiiiiiiatioii. — Tliis revealed a thin, nndernotirislied, emaciated, white man, 
about 45 years of age, who looked acutely ill and lay in bed with his knees drawn 
up to his abdomen. Hx:amination of the chest revealed a lagging on the right 
side, with flatness from the level of the fourth rib downward to the base 
posteriorly, and from the si.xth rib downward anteriorly. The breath sounds were 
distant over this area of flatness. Xo rales were heard. The heart sounds were 
irregular in rate and rhythm; the aortic second sounds were diminished; no 
murmurs were heard. The apex beat was not displaced, and the heart percussed 
out witliin normal limits. There were tenderness and rigidity over the entire right 
side of the abdomen, but these were especially marked over the upper portion. 
Pressure release tenderness was referred to a point on the right side 1 inch 
(2.5 cm.) above and 2 inches (5 cm.) to the right of the umbilicus. Xo fluid 
'vas demonstrable. The spleen was palpable. The liver could not be palpated 
because of the rigidity, but on percussion the dulness of the liver extended down- 
'vard about 4 fingerbreadths below the right costal margin. On admission, the 
temperature was 100 F.; the pulse rate, 124; the respiratory rate, 24, and the 
blood pressure, 80 sj-stolic and 58 diastolic. Urinalysis revealed 3 plus albumin, 
uo sugar, a few granular casts, a moderate number of pus cells and a few red 
cells. The hemoglobin was 70 per cent; the red blood cells numbered 3,850,000, 
the white blood cells, 12,100; there were 82 per cent polymorphonuclears, and 
18 per cent lymphocj-tes. 

A diagnosis of abscess of the liver was made. 

Treatment and Co nr jc.— W ith the patient under spinal anesthesia, an aspirating 
needle was inserted into the subphrenic space, and pus was withdrawn. With the 
needle in situ, an incision was made parallel to the tenth rib on the ^nterior 
lateral surface of the lower right side of the chest. About 3 inches (/.6 crn.) 
of the rib was resected. The diaphragm was first sewn to the pleura in a cir- 
cumferential direction around the point where the needle was inserted in order to 
wall off the area to be drained from the pleural cavity. The diaphragm \\as 
incised alongside the needle into the abscess cavit3'. The superior surface of the 
liver was adherent to the diaphragm all around this area. The abscessed area 
was about inches (6.27 cm.) in diameter and was situated on the superior 
surface of the liver and extended about 2 inches (5 cm.) into the substance of 
the liver. A gauze pack was placed all around the cavit3', and a cigaret drain ^\as 
inserted into the cavitv after a specimen of the pus was taken for examination 
and culture. 

The patient was given dextrose intravenoush’ and saline b3' ch'sis. The pulse 
Was weak and irregular. Stimulation was given, and he rallied somewhat. The 
next morning the patient had pulmonar3- edema, which progressed rapidh'. The 
pulse became imperceptible, and the patient died soon afterward. 

Postmortem Obsenatlons.— The abdomen contained a moderate amount of 
serohemorrhagic fluid. The appendix was bound down retrocecally and showed 
e\idcnce of an acute suppurative inflammation with an absce^5 in the meso- 
appendix, all of which w’as covered 63* omentum and walled off from the general 



912 


ARCHIVES OF SURGERY 


peritoneal cavity. The gastro-intestinal tract otherwise appeared normal. There 
was a thrombosis of the portal vein w'hich on being incised exuded pus. The 
liver presented multiple abscesses varying in size from that of a pinhead to a large 
abscess cavity near the superior surface about the size of a plum. The spleen 
was enlarged about three times its normal size and was soft and spong3^ The 
pancreas was normal. There was no thrombosis of the splenic or the pancreatic 
veins. The kidneys were normal. On cross-section, the liver showed many 
abscesses involving the branches of the portal vein. This case was typical of a 
suppurative pylephlebitis following appendicitis. 

A culture of the pus showed gram-negative and gram-positive diplococci. 

Microscopic Appearance: The wall of the portal vein was thickened, and its 
regular structure was replaced by granulation tissue, only a few distorted elastic 






Pig 1. — Low power magnification of a branch of the portal vein. The vein is 
filled with thrombus masses. The periportal connective tissue and its ramification 
to the adjacent hepatic tissue show cellular infiltration and edema. 


fibers being left over. Tliere was a well adlicrent thrombus, but parts of tlic 
thrombus were replaced by pure pus. The periportal fields tliroughout tiie 
liver showed considerable newly formed fibrous tissue. The walls of most of 
the veins were not recognizable. They were substituted bj' granulation tissue 
infiltrated with polymorphonuclcars, while the lumens contained pus or necrotic 
masses. In the latter, huge bacterial aggregations were visualized. Tiic hepatic 
tissue itself showed wide sinuses, many of which were filled with pus cells. 
Some foci of necrosis were seen from which the purulent infiltration seemed to 

radiate in all directions. _ . 

A notewortiiy feature was the involvement of the lymphatics in the penporta 
tissue. There were numerous, considerably distended lymph vessels, some with 
apparently empty lumens and others filled with pus. Some of the latter shouc' 
circumscribed necrosi- i.f their walls. 
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The inicrn?co])ic npjtcnrniicc jiislilic.' the <lia.i;iio5is of n subacute purulent 
Pyleplilcbitis with periphichitic lymphausitis, 

Casv; 2. — History. — A. D.. n woman, accd 31. was admitted to the hospital on 
Aug. 28, 1931. complaining of pain in the abdomen, nausea, vomiting and general 
weakness. About three weeks prior to admission she had had generalized 
abdominal cramps accompanied by nausea and vomiting. This continued for 
several days, and at the end of a week the attack comidetcly subsided, except that 
the patient felt weak. .-V few days pri(vr to admission pains in the abdomen began 
sgain and were nccom|)anied by nausea and chills. 

The past history was irrelevant. The patient began to menstruate at 14 years 
ot age; menstruation occurred every twenty-eigiit days and lasted four days. She 
had been married seven years. She had had no children, abortion or miscarriages. 
The patient had lived in Rrooklyn all her life. She had no bad habits. The 
family history was unimportant. 

E.vaiiiiiialioii. — Thi.s revealed a woman, lying in bed and appearing acutel}’ ill; 
the face was flushed; the lips were parched; there was sordes of the teeth. The 
temperature was 105.8 F. ; the pulse rate, 124; the respiratory rate. 22. and the 
blood pressure, 124 systolic and 88 diastolic. The lungs were clear, and the heart 
was normal except for an increased rate. The abdomen was distended moderately; 
there was no rigidity or peritoneal rebound. The spleen was palpable ; there U’as 
some tenderness over the edge of the liver just below the right costal margin; no 
fluid wave was present in the abdomen. Pelvic examination revealed a nulliparous 
introilus ; the cervix was small, hard and closed, in the axis of the vagina ; the 
uterus was small, firm and anteverted; the adnexa were normal. The red blood 
cells numbered 2.660,000; the hemoglobin was 53 per cent; the white blood cells 
numbered 13,400. A differential count showed: polymorphonuclears, 83 per cent; 
lymphocytes, 4 per cent, and monocytes, 1 per cent. The urine contained a faint 
trace of albumin. Chemical analysis of the blood showed 15.9 mg. of urea 
nitrogen, 1.3 mg. of creatinine. Van den Bergh’s test gave a positive delayed 
reaction, both direct and indirect. The icteric index was 111; the Vassermann 
reaction was negative. A blood smear was negative for malarial parasites. The 
Widal test gave negative results. 

_The patient continued to have chills and a temperature ranging from 98 to 
105 F., with a pulse rate varying between 104 and 140. The respiratory rate 
ranged between 30 and 36. 

On September 1, when the temperature was 103.6 F., the pulse rate 110 and the 
respiratory rate 40, the patient complained of sharp pain in the lower portion of the 
right side of the abdomen. Examination revealed a distended abdomen %\ith 
rigidity over the entire right side, but more marked in an area about 2 inches 
(5 cm.) to the right of the umbilicus. The condition suggested a perforation of 
the ileum with peritonitis. 

Ercatjnciit and Cotirse. — A. laparotomy was performed under spinal anesthesia. 

A large amount of free fluid was found in the abdomen. The liver was studded 
"ith maiw abscesses containing free pus. There was a pylephlebitis. The wall of 
the gallbladder was thickened, edematous and contracted. The spleen was enlarged 
to about three times its normal size. A culture of the pus was taken. A small 
abscess with surrounding hepatic tissue was excised. A gauze strip was placed 
down to the bed of the liver, and the abdomen was hurriedly closed because of 
the patient’s poor condition. De.xtrose and insulin intravenously and saline solution 
bj clysis were given immcdiatciv, as was also intravenous stimulation. The patient 
died that evening at 9:15 p. m., after becoming comatose at 6 p. m. 

A culture showed gram-negative bacilli and gram-positive diplococci. 
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Autolsy.—When the abdomen was opened, a diffuse, fresh, fibropurulent 
peritionitis was found. A large collection of exudate was found between the 
diaphragm and the dome of the right hepatic lobe. Several loops of the small 
intestine were fixed in the lower part of the abdomen in the cecal region. After 
separating the adhesions, a small pus pocket filled with creamy greenish-yellow 
pus was found surrounded by dark, almost black granulations. This pus pocket 
was adjacent to the cecum and revealed the stump of a spontaneously amputated 
appendix projecting into the cavity. 

Examination of the portal vein revealed occlusion hy firm reddish-gray 
thrombus masses at the place where the mesenteric vein empties. Following the 








Fig. 2. — Low power magnification of a portal vein cut longitudinally. The 
vein is filled with thrombus masses. The periportal connective tissue shows edema, 
cellular infiltration and distended lymphatics. 


porta! vein toward the liver a gradual breaking down of the thrombus could be 
noted, and at the place where the main stem of the portal vein branched into the 
liver, greenish-j'ellow, creamy pus was found in place of the thrombus. Sections 
of the liver showed that the purulent thrombophlebitis spread far into the smaller 
branches. There were also connected Avith the lesions of the vein numerous 
abscesses of the liver of various sizes, the largest of which exceeded the size of 
a goose egg. 

The spleen was enlarged to about three times its normal size. Its capsule was 
tense. Section showed a dark red pulp rvith well dev'eloped trabeculi. 

Case 3. — Hislory. — M. F., a woman, aged 25, married, ivas admitted to the 
hospital on Sept. 23, 1931, complaining of pain in the epigastrium and the right 
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lower qiindrniU. ii:ui!-ea aiul voiiiitini:. 'I'wn weeks prior to ntlinissicin the patient 
had liad an attack of pain in the cpiirastric reqion acconi[)anicd I)y nausea and 
vomiting wliich lasted four days. Tlien the .symptoms suh.sidcd. She had had four 
similar attacks within the last two years. A week prior to admission, wlien she 
began to menstruate, tlie attack recurred and localised itself to the right lower 
quadrant. 


E.vamhiatifli }. — On admission, the temperature was 105 F. ; the pulse rate, 112; 
the respiratory rate, 2S, and the hloo<l pressure, 120 systolic and 70 diastolic. 
Examination revealed an adult female patient lying in bed, appearing acutely ill; 
the face was flushed. There was a noticeable icteric tint to the sclera. There were 


3 few fine crepitant r.iles in the right sifle of the chest posteriorly. The heart 
sounds were regular hut rapid. Xo murmurs were heard, and the heart was not 
enlarged. The abdomen was tender in the right upper and right lower quadrants, 
and was somewhat distended. There was spasticity of the entire right rectus 
niuscle, which was more marked over ^IcBurney’s point. There was no rebound 
tenderness. The spleen was c.asilv palp.ablc. A \"aginal examination revealed a multi- 
parous introitus ; the cervix was in the normal a.xis and closed; the uterus was 
in the normal position. The left adnc.xa were normal, but the right fornix 
presented a sense of resistance and tenderness. The red blood cells numbered 


4,530,000; the hemoglobin was 90 per cent; tbe white blood cells numbered lo,200. 
A differential count showed: polymorphonuclears, 89 per cent; lymphocytes. 9 per 
cent, monocytes, 1 per cent, and eosinophils, 1 per cent. Urinalysis was entirely 
negative. Pancreatic ferment tests gave negative results. The blood sugar was 
416 mg. and the urine negative before a sugar tolerance test, which showed: 
blood sugar, 160 mg. and urine negative at the end of half an hour; blood sugar, 
-28.6 mg. and urine 9 per cent sugar at the end of one and one-half hours; blood 
fugar, 173.8 mg. and urine 3 per cent sugar at the end of two hours.^ The icteric 
index was 19. The reaction to the direct van den Bergh test was positive. 

A diagnosis of a suppurative pylephlebitis following an appendical inflammation 
nnd accompanied by cholecystitis was made. 


Treatment and Course . — On September 24, an exploratory laparotomy was 
Wrformed under spinal anesthesia. There was a slight amount of free serous 
fluid. The gallbladder was normal except for edema and inflammation of the 
ampulla and the cystic duct. Xo calculi were found; the edge of the liver was 
round. The entire pancreas was normal. The spleen was slightly enlarged an 
beefy. The portal vein was markedly edematous, injected and thickened. The 
uterus and adnexa wxre normal. The major portion of the appendix was i en 
■ ^ uiass of adhesions formed by contiguous cecum and omentum. The omentum 
"•as markedly injected and bled easily on separation, which brought to view 
an acutely inflamed appendix with small areas of necrosis on it and an abscess in 
the meso-appendix. No fat necrosis was present. The entire abdominal viscera 
"fire inspected. The appendix was removed by electrocautery after ligatin^ an 
cutting the meso-appendix. The stump was inverted into the cecum by means of 
a purse-string suture. A gauze strip was inserted into the appendicular area 
through a stab wound to the right of the right rectus incision. The abdomen was 
closed in layers. 

After operation, dextrose and insulin were given intravenously and saline solu- 
lon by clysis. The abdominal wound drained profusely. On September -6 (t ie 
=>econd day after operation), the patient suddenly became cyanotic yspneic 

uud began to perspire profusely. The temperature dropped to 100 R. and t le 
Rflse rate to 110 a minute. The respiratory rate increased to 36 per minute. 
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Examination revealed a marked dilatation of the stomach, which was relieved by 
lavage. Examination of the chest was negative. The administration of dextrose 
intravenously was continued, the patient being unable to take anything by mouth 
because of nausea. On September 29, drainage from the abdominal wound was 
profuse; the temperature was 102.4 R; the pulse rate, 130, and the respiratory 
rate, 32. The abdomen was distended, and the patient was nauseated. An enema 
produced fair results. A gastric lavage was given, with fair results. On 
September 30, a transfusion of 2S0 cc. of whole blood was given by the Koster 
method. A cannula was sewn into the vein in order to have a continuous 
intravenous infusion of 10 per cent dextrose in phj'siologic solution of sodium 



Fig. 3. — Cross-section of a large intrahepatic branch of the portal vein. The 
vessel wall shows cellular infiltration and is hardly distinguishable from the 
surrounding periportal tissue. Remnants of hyaline thrombus material form a 
band lining the wall of the vessel. Inside a new lumen has formed by suppuration 
and is partly filled with masses of leukocytes. 


chloride. The temperature was 102.4 F. ; the pulse rate, 160, and the respiratory 
rate, 44. The patient’s condition was becoming more critical. Tlie abdomen was 
distended again, and the drainage was marked. The pulse rate continued to rise 
steadily in spite of various medications, such as digifolin. The temperature rose 
to 105.4 F. The patient died at 5 : 30 p. m. the same clay. 

Fosfiiiorfcm Obscn'alioits . — As the abdomen was opened there was a gush of 
serohemorrhagic, purulent fluid. The small intestine and the stomach vere 
markedly distended up to about IJd feet (45.72 cm.) irom the ileocecal junction, 
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•■>PPcndix ind I ' "here the 

The rnner '-, ^ ‘'"-ee times the normal size. 

veins Ti i- ' ^ "''""''"'-s.s of ihc splenic or the pancreatic 

areas’ ^ 'V'’''’’ T'"''’'' "" ^ro.s.s-.section there mere manv 

thrmnho .v'"-.’','.''' fnrmation _ aronn.I ,l,e portal triads. The portal vein tea's 

the liver ' ’"r :>>>'»» mches (7.6 cm.) from its entrance into 

e liter. Jiic kidnets were normal. 

amnIe'^'^"Ti”''.''^ Appearance: Tile wall of the portal vein was surroumkd by 
also e l"^ '■ascuiarized and edematous granulation tissue. The wall proper was 
tissue hhnis were in loose arrangement, and most of the elastic 

intima “P (as shown hy special stains). Closely attached to the 

lumen l"'^^ r? consisting mostly of fibrin which was canalized, the 

j "''th pus. Examination of the liver proper showed many small 

uiost "* tvliicli originated from the branches of the portal vein. In 

off Old portal vein was completely destroyed. The abscesses were walled 

gran V • large phagocytes and outside of this by a narrow zone of 

broueh^/'^*' ffssiie. The relationship of these abscesses to the portal vein was 
q£ ^ j presence of bile ducts adjacent to the abscess or by remnants 

absc • peripher.v of the abscess cavity. In many areas free from 

leuko^^-t ^ "’cre infiltrations of the periportal fields with round cells and 
indi occasionally quite massive granulation tissue. These findings 

^3 e a subacute character of tiie pylephlebitic lesion. 

June 2^'^ ^ ^ "'Oman, aged 47, was admitted to the hospital on 

prior t^' of chills, fever and sweats. Chills began four weeks 

recur *d^i were followed by high fever and sweats. This syndrome 

Th^ li^d lost 20 pounds (9 Kg.) in the last three weeks. 

abd ^ bistory revealed that for three years the patient had had some vague 

The distress referable to the right upper quadrant and the epigastrium. 

marrfed'^”^ been treated for pyelitis about thirteen years previousl.v. She was 

ana ^ ^"cnt3--six 3 ’ears prior to admission, and had four children who were living 
«*nci ■\veil Wo T L* ^ 

^ ■ ner iiabits were good. The famiK histor 3 ' was irrelevant. 

ill This revealed an undernourished adult, who appeared acuteh' 

^be blo^ ^®™Pcrature was 101.6 F. ; the pulse rate, 120; the respiratory- rate, 24, and 
revealed P‘^®®®rire, 120 s3'stolic and 66 diastolic. Examination of the chest 
"'ere no expansion on both sides ; the breath sounds were normal ; there 

rapid and heart was not enlarged ; the apex beat was normal but slightly 

right' ^bere were no murmurs. The abdomen presented tenderness in the 
about luadrant and the epigastrium. The edge of the liver was palpable 

palpable ”®®™^^3dths below the right costal margin. The kidneys were not 
exror.* r ^ other points of tenderness or masses were palpable in the abdomen 

■ Un-„ T. ^ 

uegativ^^f” showed a trace of albumin and a few white blood cells, but was 
^'370 OOP ®“S®r. The hemoglobin was 62 per cent ; the red blood cells numbered 
lUorp'hQf, ' ■"’hite blood cells, 8,000. .A. differential count showed : poly- 

cosinophn'" ’ lymphocytes, 32 per cent ; monoc 3 -tes, 2 per cent, and 

Were ^ cent. A blood culture and stool culture were taken, but both 

mnlarial^*^'^'^*^^- after seventy-two hours. blood smear taken for 

"itrogcn "as negative. Chemical anaK'sis of the blood showed: urea 

aiirl 1 .' : creatinine, 1.5 mg.; uric acid, 2.72 mg.; dextrose. 117.6 mu., 

carbon dioxide. 64 mu. 
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A diagnosis of abscess of the liver or pylephlebitis was made. 

The patient was given dextrose intravenously and saline solution by clj'sis. 
Fluids were forced, and alcohol sponge baths were given for fever when necessary. 
On June 26, severe chills occurred which lasted thirt 3 ^-five minutes, and the tem- 
perature rose to 106.2 F. after the chills. The pulse rate was 120 ; the respiratory 
rate, 24. A blood smear and blood culture were taken during the chills, both of 
which were reported as negative. The patient continued to have chills, fever and 
sweats until Julj’’ 1, when a roentgenogram of the chest and the upper part of the 
abdomen showed a slight elevation of the right side of the diaphragm with limita- 
tion of motion and suggested abscess of the liver. 

Treatment and Course . — On July 2, a laparotom)' was performed under spinal 
anesthesia. The findings included many old adhesions of the gallbladder and 
omentum. The wall of the gallbladder was thickened and distended and contained 
a purulent fluid (empj'ema). There were thrombosis and varicosities of the 
cystic vein. On cutting into the cystic vein, free pus was demonstrated. The 
dome of the liver was free and not adherent to the diaphragm. Small multiple 
abscesses of the liver were found involving all the lobes. Free serous fluid was 
found in the abdominal cavity. The appendix was retrocecally bound down by 
one old adhesion to the cecum, but was not inflamed. The spleen was enlarged 
to about twice its normal size. The wall of the porta! vein was edematous. 

The procedure was to cauterize all visible abscesses with the electrocautery. 
The gallbladder was removed after the cj'stic duct and vessels were ligated and 
cut. One gauze strip was placed in the bed of the gallbladder. Two other gauze 
strips were used to wall off the larger abscessed cavities. A specimen of the pus 
from the abscess of the liver was taken for examination and culture. The 
abdomen was closed in layers. 

As soon as the patient was put to bed, dextrose intravenously with insulin and 
saline solution by clysis were given. Stimulation was given because of the poor 
quality of the pulse. Early the next morning the patient’s condition was poor. 
Only one heart sound was heard at the apex, and pulmonarj’’ edema was setting 
in. The patient died at 11:30 a. m. 

A smear of pus and a culture revealed gram-positive cocci. 

Postmortem Observations . — The gastro-intestinal tract was apparently normal. 
The spleen was twice the normal size. The kidnej's and pancreas were normal. 
There was no thrombosis of the splenic or the mesenteric veins. Examination of 
the liver showed absence of the gallbladder, with the C3'stic vessels and the C3'stic 
duct separately ligated with catgut. There was a purulent thrombophlebitis 
involving the cv'stic veins and extending by means of the portal vein into the liver 
and resulting in multiple abscesses of the liver at the portal triads. Some of the 
abscesses of the liver had been charred b 3 ' means of the elcctrocauter 3 '. On 
cross-section, the liver showed multiple abscesses var 3 'ing in size from that of a 
pinhead to that of a large pea. 

Microscopic examination was similar to that in case 3. The pathologic report 
on the gallbladder was acute cholec3'Stitis, 


COMMENT 

Pylephlebitis and abscess of the liver cannot be considered as 
synonymous; the latter is almost invariabh’ the sequel to the former, 
but not all abscesses of the liver result from suppurative inflammation 
in the portal vein. The abscess may arise through four channels; the 
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portal veins, (lie lieji.atic artery, tlie iiile ducts and possibh’ the lym- 
phatics. It is only when tlie infection travchs hy way of the portal 
veins that tiicrc can be both pylephlebitis and hepatic abscesses, and 
even then the two need tiot lie associated. If the abscess is single 
and the result of septic e.xtcnsion from the appendical veins, it is 
almost always found in the right lobe of the liver. 

Screge ’ injected Chinese ink into the splenic veins of dogs and 
found particles only in the left lobe of tlie liver. \\'hen the injection 
was made into the large mesenteric vein, particles were found only in 
the right lobe. These findings were confirmed by Glenard ; " however, 
Bauer “ and others were unaiile to distinguish any difl'erence in the dis- 
tribution of the ink after injection into the splenic and the mesenteric 
'cins, and they discredited the livpothcsis of Serege and Glenard that 
a dual current existed in the portal veins. Bartlett, Corper and Long,'* 
on examining microscopic sections of lobes of dog s liver after the 
injection of olive oil into the tributaries of the portal veins, came to 
the conclusion that there was a dual current and that blood from the 
stomach, spleen and duodenum and the first portion of the jejunum 
and rectum flowed mainl}* to the left lobe, while blood from the lower 
part of the jejunum, ileum and first portion of the large intestine 
flowed mainly to the right lobe. Dick ^ investigated the stream-line 
phenomena; he identified and studied the currents of the portal vein 
by placing a powerful electric light behind the vessel, thus satisfactority 
transilluminating the mo\'ing blood currents. He was in this way able 
to demonstrate sharply segregated portal currents. The position of the 
currents varied wdth the tributary into which an injection was made , 
for example, w'hen an injection was made into the splenic vein, the 
flye-stained blood w^as seen to enter the left side of the portal vein in 
3- narrow^ stream, preserving a narrow' ribbon-like course throughout 
the entire length of the portal vein. When dye was injected into one 
of the jejunal veins, a narrow' abruptly demarcated stream was obsen'ed 
maintaining a constant undeviated course along the right Avail of the 
portal vein. Follow'ing the d)'e into the lii'er he found, w'ith few' excep- 
tions, that it was carried to fairty constant and definite areas in the 
liver from the A'arious tributaries of the portal vein, which he used as 
the injection site, ^^’hen the dye w'as injected into the splenic and 
gastric veins, it was conveyed to the left half of the liver almost entirely. 
Hj'e introduced into the veins of the upper part of the duodenum, the 
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head of tlie pancreas and the jejunum was carried almost exclusively 
to the right lateral lobes of the liver. When injections were made into 
the colonic veins, the dye was distributed to all parts of the liver, but 
more particularly to the large lobe of the left side. In the instances 
in which the colonic veins did not form a common trunk, but had a 
separate combination in the large mesenteric veins, it was found that 
injection into the A^eins of the proximal colon produced a freer dis- 
tribution of dye in the right half of the liA^er. These experiments are 
cited to offer a possible explanation for the greater frequenc}^ of right- 
sided solitar}^ abscess of the lii’er. If the abscesses are multiple, they 
are distributed along the portal S 3 'Stem, and the final picture is the 
resultant of forces tending toward segregation of abscesses on the one 
hand and toAA^ard confluence on the other. 

In a revicAv of the literature it is noticeable that there is a looseness 
in the use of the terms pylephlebitis and pyemic abscesses of the liA^er 
which is not only unwarranted, but also decidedly misleading. This 
is particular!}^ true in quoting statistics of incidence and mortality. 
Thus it is possible to have pyemic abscesses resulting from invasion 
through the hepatic arter}”-, in Avhich instance no pylephlebitis is demon- 
strable. It can also be readily seen that there might be great differences 
in the results of treatment of abscesses of the liA^er following pylephle- 
bitis and abscess of the liver due to dysentery. 

Since Waller’s ® report of a case following appendicitis, there may 
have been many statistical contributions on the incidence of pylephlebitis. 
In 1886, Fitz " found the complication at autops}" in 11 of 257 cases of 
appendicitis. In 1897, Armstrong’s ® postmortem observations in 546 
deaths for appendicitis showed pylephlebitis in more than 5 per cent. 
In 1903, Gerster ° reported 1,189 operatir^e cases of acute appendicitis 
in which pylephlebitis Avas a complication 9 times. This embraced his 
OAvn experience from 1892 to 1901, at Mount Sinai Hospital, New 
York. In 1905, Munro reported 15 undoubted cases. In the same 
year, Rendle Short collected 1,000 cases of acute appendicitis with 4 
instances of complicating pylephlebitis. In 1907, A. and E. Moschco- 
witz reported 7 instances in 1,529 cases of appendicitis. In 1909, 
Giertz published 4 cases occurring ii7 533 cases of appendicitis. In 

6. Waller, quoted by Babler, E. A.: Ann. Surg. 61:589, 1915. 

7. Fitz, H. R.: Am. J. M. Sc. 92:321, 1886. 

8. Armstrong, G. E. : Brit. M. J. 2:945, 1897. 

9. Gerster, A. G. : M. Rec. 63:1005, 1903. 

10. Munro, J. C. : Ann. Surg. 42:692, 1905. o r- - . 

11. Short, A. R. : Inde.v of Prognosis, Mew York, William Wood &: Comp.in\, 

1918, p. 84. . 

12. Moschcowitz, .A., and Moschcowitz, E. : Arch. f. khn. Chir. 3: • 

13. Giertz, K. H. ; L'eber akutc citrige Wurmfortsatzperitonitis, . unici, 

J. F. Bergmann, 1909. 
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1913, Braun ” found it 8 times in 600 eases of appendicitis. Petren 
found, during 1,3-10 autopsies after acute appendicitis, pylephlebitis 
in 5 per cent. 

Colp."’ reviewing all cases of appendicitis at Mount Sinai Plospital 
from 1916 to 192.s. found that in 2.841 cases there were 9 instances 
of complicating pylephlebitis. In our 1.027 cases of acute appendicitis, 
've found pylephlel)itis in 3 instances. ( Ither statistical studies have 
been omitted because careful jiernsal .and analysis reveal the indis- 
criminate groujiing of the ])ylei)hlebitis with abscess of the liver of 
origin other than in infection of the jiortal vein. 

IMany cases of solitarv aiisce.ss of tlic liver following appendicular 
inflammation have been reiiortcd. These are related to pylephlebitis 
only as the pathogenesis depends on a thrombophlebitis of the appendi- 
cular vein with the detachment of a septic embolus from a thrombus. 
Its migration via the superior mesenteric and portal vein and lodgment 
ni the liver with a resultant abscess. Or. as Quenu and IMathieu 
insist, ail}- aseptic embolus mav travel the same route, reach the liver 
and produce a focus of necrosis, which is then capable of becoming 
infected by blood-borne organisms, but fundamentally the pathologic 
processes are different. 

Thus, the important single cause of the condition is suppurative 
appendicitis. Langdon Brown found acute appendicitis responsible 
ior 42 per cent of 46 collected cases of pylephlebitis. However, infec- 
tion in any organ the \'enous return from which empties into the portal 
icin may produce the complication. 

One of the most characteristic signs of the disease is the change in 
temperature. Chills accompanied by a rapid rise in temperature, 
occurring in the progress of an acute inflammation of any organ in the 
abdominal cavity the veins from which drain into the portal system, 
must always be considered significant of entrance of septic material into 
the general circulation, after it passes through the liver. If it occurs 
before operation, it helps in arriving at a complete diagnosis, and if it 
occurs after operation it points toward a serious complication. The 
variations in temperature may occupy a wide range, from slight fluctua- 
tions between 101 or 102 F. to marked variations from 98 to 99 F. to 
104, 105 or 106 F., as can be seen by comparing the fluctuations in 
*^ase 2 with the changes in temperature in the other cases. The degree 
of variations or the degree of change in temperature daily is no indi- 

H. Braun, H. ; Beitr. z. klin. Chir. 86:314, 1913. 

15. Petren, G. ; Beitr. z. klin. Chir. 94:225. 1914. 

16. Colp, R. : Surg., Gynec. & Obst. 43:627, 1926. 

17 Quenu, E., and Mathieu. P. : Rev. de chir. 44:519, 1911. 

18. Brown, L. : St. Barth. Hosp. Rep. 37:95. 1901. 
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cation of the number of abscesses or the diffuseness of the lesion in the 
liver. Profuse perspiration is a frequent accompaniment of the daily- 
chill. The chill need not necessaidly be daily. Remission in both the 
chill and the rise in temperature may occur even though the disease has 
progressed to quite a considerable degree. 

Pain OA^er the liver is not an invariable accompaniment of the lesion, 
and its inconstancy helps make the diagnosis more difficult. When 
present, it is usually dull, is located in the right upper quadrant and has 
extension to the shoulder blades. A rcAnew of the case reports pre- 
sented in the literature shows that but little emphasis is laid on pain as 
a symptom of pylephlebitis. 

Whereas a high leukocytosis would be expected with an infection 
of this kind, it does not always occur. In the 4 cases herein reported 
the white cell count ranged from 8,000 to 15,000. It is particularly 
significant that the case in which the blood count Avas 8,000 Avas one in 
Avhich the pylephlebitis complicated an empyema of the gallbladder. 
In the differential count, the polyniorphonuclears ranged from 60 to 
89 per cent Thus, the leukocyte count also cannot be considered of 
great diagnostic significance. 

Tenderness is almost invariably present, although it may be so 
slight as to be considered negligible. It may frequentty be found directly 
over the portal vein. 

Jaundice is almost ahvays present and is one of the early signs of 
involAfement of the liver. When it appears early in the disease (before 
the diagnosis of appendicitis, cholecystitis, etc., is made), it may be 
misleading, as it may draAV attention arvay from a causative appendi- 
citis and direct it to the biliary passages in a case in Avhich inAmlvement 
of the latter is only the terminal complication. This occurred in case 3. 
In many of the reported instances the bilirubin content of the blood 
serum shoAA’^ed a progressiA^e increase long before the jaundice could 
be noted clinically. The appearance of jaundice as a postoperatiA^e com- 
plication of appendicitis should arouse suspicion of the development of 
a complicating pylephlebitis. A slight icteric tint to the sclerae may 
appear eA^en before the chill and fcA^er. 


In the description of the pathologic processes found at autopsy m 
cases of pylephlebitis, enlargement of the spleen is mentioned in a great 
many of the cases reported. In this connection it seems strange that 
little mention is made of splenic enlargement as a clinical sign of A^alue 


in pointing tOAA'ard the diagnosis. In all of our cases enlargement A\'as 
noticed clinically, and it seems to us that it may be utilized as a A-aluable 
diagnostic sign. The presence of serous fluid in the peritoneal cavity 
in small amounts is expected because of the general peritoneal reaction 
to the inflammation even of an organ in direct continuity to it. With 
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complete obstruction of the portal vein, liowcver, the development of 
ascites is far more likely to occur. This, iiowevcr. is not seen e.xcept 
terminall}'. Of tlie otlicr symptoms of anorexia, nausea, vomiting, 
lassitude and emaciation, little need he said, because the}' are not char- 
acteristic of this condition any more than they are of infectious condi- 
tions any place in the body. Examination of tlie blood for organisms 
is of little A'alue in these cases, because in most instances the invading 
organism is Bacillus coli, which rarely breaks into the blood and if it 
does is quickly destroyed there. 

In the typical case the diagnosis can be made by the shift of symp- 
toms from the appendicular region to the hepatic region following 
repeated chills and fever, in addition to the other symptoms and signs 
enumerated, all occurring in the absence of manifestations of extensive 
peritonitis. Munro’s dictum that the “most important clue in making 
a diagnosis is the recognition of the causative appendicitis, ’ while true 
in most instances, is certainlv not universally applicable, as case 4 shows. 
It must therefore be remembered that the original focus ma}' be in an)’’ 
organ in the abdomen, venous drainage from which empties into the 
portal system. 

The treatment of this condition is primarily prophylactic, and such 
prophylaxis ma}’ be accomplished in two ways. There can be no doubt 
that if all cases of acute appendicitis were to come to operation at an 
earlier date through earlier recognition of the condition, there would be 
fewer cases of pylephlebitis. When, however, the surgeon encounters 
a case of appendicitis and notes in cutting the meso-appendix that there 
is no bleeding because of thrombosis of the appendical vein, he should 
consider that case as one in which pylephlebitis may develop. This is 
true whether there is a history of chills or not. Remembering, however, 
the low incidence of occurrence of this grave complication and also that 
thrombosis of the appendical A'eins is encountered quite frequently in 
gangrenous appendicitis and perhaps less frequently in the acute sup- 
purative type of inflammation, the question of whether it is possible to 
determine in which of these cases pylephlebitis will dcA'elop presents 
kself. Since many acutely inflamed appendixes contain definitel} 
thrombosed A’eins, and since the patients in AA'hom they are found make 
uneA’entfuI recoA’eries after simple appendectomy, apparently because 
the earl}" appendectomy remoA’ed the primary bacterial focus and also 
because eA-en if bacteria are sent to the liA’er from the thrombosed a eins 
they are apparently destroyed by that organ tlie bactericidal properties 
of A\hich are potent, it becomes apparent that in the absence of 
data it is impossible to predetermine in AA’hich cases complications a' i 

develop. 
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If at operation a frank suppurative phlebitis of the mesentery is 
evident, before resorting to and before performing the -appendectomy a 
ligation or excision of the ileocolic vein is indicated. The method of 
procedure that may be adopted is any one of the following : Gerster 
advocated incision and evacuation of the infected thrombosed vein. 
This is best done by opening the A^eins in the stump of the appendix 
and following them up on the cecum and into the ileocecal angle as 
far as there is suppuration, CA'acuating the thrombosed A^cssels and 
instituting drainage by means of gauze. Wilms advocated ligation 
of the veins in the ileocolic angle for reasons similar to those adAmcated 
by Trendelenburg in ligating the OA^arian A^eins in cases of puerperal 
pyemia. This is done by immobilizing the cecum and ascending colon 
from the posterior abdominal AA'all, exposing the veins, which are then 
tied Avithout occluding the artery. Drainage is placed to the cecum. 
The A'ariation in the venous return from the ileocecal angle makes it 
difficult to ligate all the A'cnous channels successfullj^ and it must be 
remembered that unless all the A^eins at the angle are ligated the pur- 
pose of the operation may easily be defeated. Another objection to 
the procedure is the danger of destroying the circulation with resultant 
gangrene of the bowel. Braun “ described ligation of the ileocolic vein, 
since this vein is the only channel through which the thrombi in the 
appendical veiji can traA^el to reach the portal A^ein. Its ligation is a 
rational procedure in the attempt to arrest the bed of infection. When 
the infection has already spread . beyond tlie confines of the ileocolic 
A'ein and a pylephlebitis has already develojAed, ojierativc intervention 
is of no value unless a well defined abscess has dcA^elojAed, in Avlrich case 
the indication, of course, is for incision and drainage. The literature 
on the value of ligation of the portal A^ein in cases of pylephlebitis is 
clearly reAuewed by Colp,’® and the conclusion is that such an opera- 
tion is probably ncA^er indicated, even though the experimental studies 
of Neuhof and operatiA^e attempts on human beings (Bcer-^) haA-e 
demonstrated that the “hepatopctal” A’'eins in the gastrohcpatic omentum 
in ccrtaiiA persons can efficiently carry on the portal circulation after 
complete occlusion of the portal A'^cin by ligation. For if the A'cin is 
not 3'et the seat of thrombosis and sujApuration, because of the small 
percentage of incidence of pj'lephlcbitis, there is great likeliliood of 
its remaining free. If it is believed that it may become infected by 
extension, then ligation or, preferably, resection of the ileocolic A’cin. 
a relatively simple procedure, is likely to prcA^ent the e.xtension. ^^^^cn 
infection of the portal vein and the intrahepatic portion of the portal 

19 \YilnAS, Af. : Zcntralbl. f. Cliir. 36:1041, 1909. 

20 Neuho'f, H.: Surg.. Cyncc. & Obst. 16:481, 191.1. 

2l’. Beer, E.: Am. J. M. Sc. 150:548. 1915. 
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system has already occurred, all that can be expected of ligation of the 
portal vein is the demonstration of the abilit}' of the anastomotic veins 
of the gastrohepatic omentum to relieve engorgement of the abdominal 
viscera drained b)"^ the portal system on the one hand and an interruption 
of the bacterial feeding process from the original focus of infection on 
the other. Neither of these, however, influences the outcome, because 
there are already enough infection and damage of the liver, and also a 
remaining focus for more dissemination in that portion of the throm- 
bosed and infected vein central to the ligature. Indeed, man}" cases 
have been reported in which complete thrombosis of the portal vein 
existed at the time of operation, and in such instances, even on theoreti- 
cal grounds, ligation can scarcely be of value. 

It must also be remembered that when the process has extended 
because ligation or resection of the ileocolic vein has not been successful 
in preventing the spread from the primaiy" thrombus, tbe patient may 
occasionally recover. 


ELECTROBASOGRAPHIC METHOD OF RECORDING 

GAIT 

R. PLATO SCHWARTZ, M.D. 

ARTHUR L. HEATH 

AND 

JOHN N. WRIGHT 

ROCHESTER, N. Y. 

Conditions due to neuromuscular and vascular pathologic processes 
together with deforiiu'ties of the lower extremities are generally recog- 
nized causes of disturbances in locomotion. The treatment of these 
disorders embraces the fields of medicine, general surgery and ortho- 
pedics, Whenever treatment of such conditions is seriously undertaken, 
the difficulties accompanying the visual analysis of gait are recognized. 

Efforts directed toward the development of methods for recording 
gait have been less numerous than the apparent need for such clinical 
advantage would seem to justify. Most of the studies in this country 
and abroad have been made with a consideration for the physiology of 
locomotion without reference to the possibility of such studies being of 
practical value to the various branches of clinical medicine. 

We accept the premise that no two people walk alike. We doubt 
the possibility of determining a normal gait. Our position is com- 
parable to that of Wunderlich’s and others in establishing clinical 
thermometry. All of us accept the fact that of a hundred people who 
show no evidence of disease, records of their respective temperatures 
would not be identical. Nevertheless, 98.6 F. has become the point 
from which elevated and subnormal temperatures are measured. More- 
over, the temperature chart is used as an index of the progress of treat- 
ment. Our efforts have likewise been directed toward the development 
of a method of recording gait for the purpose of providing a series of 
clinical records by which the progress of treatment may be expressed 
through the precision of physical larvs. The diagnosis in terms of 
localization and etiology of abnormal gait must continue to depend on 
the facts revealed by the individual history, physical examination and 
laboratory data. 

Read before the Robert Jones Orthopaedic Society, Rochester, N, Y., Nov, 5, 
1932. 

From the Department of Surgery, Division of Orthopaedics, Rochester Uni- 
versity School of Medicine and Dentistry. Funds for this research work have been 
provided by the Rockefeller Foundation. 
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All methods heretofore developed for recording gait, including those 
that have been published by others and ourselves, have failed to be of 
practical clinical value. We consider the available evidence for this 
statement as foreign to the subject of this paper. One of us (R. P. S.) 
has stated the limitations of the basograph ^ as an instrument for record- 
ing gait, and the pneumographic method " must now be regarded in the 
light of prevailing fundamental difficulties which cannot be removed to 
provide the simplicity required for clinical application. 

In addition to providing records with ease, rapidity and economy, 
any method of recording gait must fulfil the following requirements: 
1. The mechanism must be free from the possibility of errors which 
would cause changes in the character of the record produced. 2. The 
character of the gait record of the same patient must be constant unless 
the gait is altered. 3. Changes in the gait record must be indicative of 
changes in the patient's gait. 



Fig. 1. — A, the transillumination box, front view, showing outline of feet on 
ground glass. B, the transillumination box, back view, showing lights in the three 
respective compartments for each foot. 

A transillumination box (fig. 1) was developed in connection with 
the pneumographic method of recording gait. Through its use it was 
possible to determine the length of time that weight was borne on the 
heel, the head of the fifth metatarsal and the great toe of the respective 
feet. During locomotion weight is successively transmitted from the 
heel to the head of the fifth metatarsal, then to the great toe, which is 
last to leave the ground. When the patient walks without a limp, an 
equal amount of time will be spent on these respective points of the 
two feet. Abnormalities in gait are, therefore, the result of inequalities 
in time spent on the respective points of each foot, including the omis- 
sion of weight-bearing on one or two of the three points on one or 
both feet. 

1. Schwartz. R. P., and Vaetb. W. E. ; A Method for ^^aki^g Graphic Rec- 
ords of Normal and Pathologic Gaits, J. A. ^f. A. 90:86 (Jan. 14) 1928. 

2. Schwartz, R. P., and Heath, L. : The Pneumographic Method of Record- 
ing Gait, J. Bone & Joint Surg. 14:783 (Oct.) 1932. 
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It is true that inequalities in pressure might be given consideration. 
At the present time we are in possession of evidence to support the 
belief that differences in the duration of time on these respective points 
can prevail with little or no inequality in pressure. We are of the 
opinion that whenever respective pressures are unequal there is an accom- 
panying difference in the duration of weight-bearing time at that point 
on the respective feet. Evidence supports the belief that differences 
in the duration of time spent on these respective points can prevail with 
little or no inequality in pressure. Because of this it seems logical 
that a method of recording gait would be most reliable when it revealed 
differences in the duration of time that weight is borne on the heel, 
the fifth metatarsal and the great toe of the right and the left foot, 
respectively. The electrobasagraphic method of recording gait fulfils 
this requirement; it does not record pressure. 

TECHNIC 

The mechanism employed is as follows: Boards 42 feet (2,480.16 cm.) long 
and 17 inches (42.55 cm.) wide are covered with an aluminum plate. This forms 
the negative side of an electric circuit. On the soles of the patients’ shoes (fig. 2) 
three-fourths inch (1.87 cm.) circular brass contacts are fastened by means of 
heated flake shellac. These contacts are placed under the heel, the fifth metatarsal 
and the great toe. The position has been determined on a mathematical basis, 
taking into consideration the total area of the particular shoes. For women's and 
children’s shoes one-half inch (1.27 cm.) circular contacts are used. From these 
three contacts on the shoes three wires lead to a recording apparatus and the 
transillumination box (fig. 3). 

The recording mechanism (fig. 3) consists of a one-tenth horse power direct 
current motor, a 48 to 1 gear reducer and a camera bo.x in which a 100 foot roll 
of 70 mm, emulsion paper is driven past a horizontal slit. On the outside of the bo.x, 
arranged opposite the slit, are seven 6 watt bulbs encircled by brass tubing I inch 
(2.5 cm.) in diameter. From each of these tubes another tube one-eighth inch (0.3 
cm. in diameter, centered opposite the lamp filament, leads to the slit. The center 
light is connected to a metronome and is made to go on and off every second. This 
gives the timing line in terms of seconds in the middle of the paper, thereby divid- 
ing it into right and left halves. The light on the right end is connected to the 
contact on the right heel, the next one to the fiftii metatarsal, and the third light 
on the right side is connected with the contact under the right great toe. The 
connections of the respective lights on the left side of the midlinc from without 
inward are the same; heel, fifth metatarsal and great toe. When the patient stands 
on the aluminum plate the lights will go on and off as these respective points of 
the shoes come in contact with the aluminum plate so as to close the circuit. The 
motor drives the paper through the camera box at a constant speed of lOyi feet 
(320 cm.) per minute. We arc, therefore, able to record on the photographic paper, 
lines whicli reiiresent tiic duration of time spent l>y tlie patient on the heel, fiftli 
metatarsal and great foe of each foot, ^foreover, we are able to determine the 
number of steps taken per minute. 

The photographic record is developed in a dark room, as is the record produced 
by the electrocardiograph. 
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RESULTS 

A typical record of the gait of an apparently normal man, aged 30, 
is illustrated in figure 4 A. The wide, broken line in the middle repre- 
sents intervals of time in seconds. The lines representing the duration 



Fig. 2. — Circular contacts applied to the right shoe for man, woman and child. 
These contacts form the positive side of an electric circuit. 



Fig. 3. — Subject standing on aluminum-covered board; the wires are attaclied 
to contacts on the shoes ; illumination of the right and left foot, respectively. 

of weight-bearing on the heel, the fifth metatarsal and the first toe of 
the right and the left foot are shown on the respective sides from the 
edge toward the timing line. 
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Fig. 4. — A, typical record of a “normal” man, H. T., aged 30, weighing 98 Kg. 
and 182 cm. in height. The lines representing the duration of weight-bearing on 
the heel, fifth metatarsal and first toe of the right and left foot, respectively, are 
indicated. The broad interrupted middle line indicates the time in seconds. B, 
gait record of J. S., aged 64, weighing 69.2 Kg. and 181.6 cm. in height. Lateral 
displacement of left scaphoid and cuboid. Note: (1) short duration of weight- 
bearing on left heel ; (2) long duration of weight-bearing on left fifth metatarsal ; 
(3) absence of weight-bearing on left first toe. C, record made on Sept. 29, 1932. 
Note duplication of the same patient’s record made on Sept. 28, 1932 (B). 



Fig. 5. — Lateral and postero-anterior roentgenograms, showing medial displace- 
ment of forefoot at tlie level of the scaphoid and cuboid Ijones. 
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Having thus produced a “nornial" record of the foregoing character, 
figure 4 B illustrates the abnormal gait of a man who had, on May 26, 
1932. suffered a medial dislocation of the scaphoid and cuboid bones of 
the left foot. The roentgenograms of the affected foot are illustrated in 
figure 5. The prevailing deformity forced the left foot in a varus posi- 
tion accompanied by slight equinus. Again referring to figure AB, 
the timing line is the same length as in figure A A; the records are 
otherwise very difterent. The unaffected right foot bore weight for a 
period of 1.05 seconds, and the weight was thrust in normal sequence 
from the heel, which bore weight for 0.783 second, to the fifth meta- 
tarsal, which bore weight for 0.729 second : and the first toe, which 
is normally last to leave the ground, bore weight for 0.297 second. 
The left foot received weight for a period of 0.786 second, 0.088 second 
of which was spent on the heel, while the fifth metatarsal received 
weight for 0.735 second with no weight being transmitted to the left 
great toe. 




Weight-Bearing Time 

in Seeonds 






Fifth 




Total 

Heel 

Metatarsal 

First Toe 

Right 

foot . . . 

1.050 

0.783 

0.729 

0.297 

Left 

foot 

0.786 

0.088 

0.735 

0.000 


This record was made on Sept. 28. 1932 ; the contacts were removed 
from the shoes, and the patient was returned to the division. On the 
next day, the patient was sent to the gait clinic ; the contacts were 
again fastened to the shoes according to the mathematical determinations 
previously made, and a second record was made (fig. 4C). This is 
presented as an example of the evidence which, at present, indicates 
that we ma)" accept the following premise : So long as the patient’s 
condition remains unchanged, successive records of gait will reveal the 
same characteristics. Any method for recording gait, to provide an 
index of the progress of treatment, as applied by the various branches 
of clinical medicine and surgery', must be free from differences in 
records due to causes other than changes in the patient’s gait. 

Further evidence that the electrobasographic method of recording 
gait has met this fundamental requirement is presented in figure 6. 
On Oct. 18, 1932, a small ox^-gen tank fell on the patient’s right sec- 
ond toe. producing uncomplicated trauma of the whole toe. The first 
record of the patient’s gait was made on the day injurv- was incurred. 
Successive records were made on October 20. 24. 27 and Xovember 3. 
The last record reveals complete functional recovery at a time when 
the subjective symptoms and physical signs of trauma bad disap|>cared. 
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This series of records further indicates that the electrobasographic 
method does record evidence of improvement in gait when treatment 
favors the passing of subjective symptoms and the disappearance of 
physical signs of the cause of d 3 'sfunction. 

Between Sept. 9, 1932, and Nov. 28, 1932, one hundred and three 
records were made. Sevent}'^ records were of subjects showing no 
visual evidence of abnormal gait, while the remaining thirty-three were 
of those who revealed definite departure from “normal” locomotion. 
A series of twelve records of gait of “normal” persons is illustrated 
in figure 7. 
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Fig. 6. — Gait records of Miss M. D., aged 33, weighing 48.5 Kg. and 161 cm. 
in height. Injury of right second toe with complete functional recovery as revealed 
by the gait records made between Oct. 18 and Nov. 3, 1932. 

The detailed discussion of the interpretation of these records must 
receive consideration in the next paper on this subject. These twelve 
unselected records reveal a definite tendency toward uniformity m con- 
tour. This is particularly emphasized when comparison is made with 
the twelve records of gait of persons who had definite limitation m 
locomotion, as illustrated in figure 8. It is also evident that comparison 
of these records of abnormal gait, unselected for this purpose, reveals 
no tendenc}' toward duplication, nor do they closely resemide the recor s 
in figure 7. 

These two groups of records reveal the fact that “normal gu’ 
mav be recognized from the relationship of the lines representing t c 
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Fig. 7. — A series of twelve gait records of “normal” persons. 


M0034 MOO^e M00I7 M003S M0037 JM0038 M004Z M00I6 M0047 M0033 W0039 W0033 



Fig. 8. — A series of twelve gait records of subjects who had definite limitations 
in locomotion : M0034, proliferative arthritis, both knees ; M00-f6, degenerative 
arthritis ; toe drop ; MOOIT, medial displacement of forefoot at level of scaphoid and 
cuboid bones ; M0035, right gluteus medius ; M0037, epilepsy ; JM0038, left equinus ; 
M0042, athetosis ; M0016, ankwlosis, right hip in fle.xion ; 370047, equinovarus with 
ca\-us : M0033, postoperative subastragalar arthrodesis for equinovarus following 
poliomyelitis; J]’0039, muscular dystrophy; U'003S, muscular dystrophy. 
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duration of time that weight is borne on the heel, the fifth metatarsal 
and the great toe. Moreover, it has been demonstrated that the absence 
of equality in length or the omission of one or more of these lines may 
be accepted as evidence of “abnormal” locomotion. 

SUMMARY 

1. Medicine, general surgery, neurosurgery, industrial surgery and 
orthopedics have to do with the treatment of patients suffering from 
lesions which produce disturbances in gait. 

2. A method of recording gait is as essential to the proper treat- 
ment of abnormal gait as is the electrocardiograph in the treatment of 
heart disease, or the thermometer in the recording of temperature. 

3. Such clinical advantages may be provided by that method of 
recording gait which will meet the following conditions : 

{A) It must assure simplicit}- of procedure, minimum time require- 
ment and economy. 

{B) The mechanism must be free from alterations in the record 
due to technical errors. 

(C) Evidence must prove that changes in successive records made 
of the same patient’s gait are due only to the way the patient walked 
on successive dates. Such records would then give evidence of the 
presence or absence of improvement under recorded conditions. 

4. We have offered the premise that abnormalities in gait may be 
defined in terms of the duration of weight-bearing time on the heel, 
the fifth metatarsal and the great toe of the respective feet. 

5. The electrobasographic method of recording gait photographs 
the duration of time that weight is borne on the heel, the fifth meta- 
tarsal and the great toe of each foot, using the patient’s own shoes. 

6. Data in the form of patient’s records of gait have been presented 
to support the belief that the electrobasographic method of recording 
gait fulfils the provisions essential for providing the clinical advantages 
as outlined in 3 of the summar}'. 

Dr. ^lilton Chapman, Dr. Edwin Fritz, Mr. Carson Meyer and Mr. Howard R. 
Patterson of the Eastman Kodak Companj' and Mr. F. W. James of the Bausch 
and Lomb Optical Company cooperated with us and assisted in this work. The 
continued interest of Dr. John J. ilorton and Dr. Wallace Fenn has made possible 
the presentation of this work. 



HEALING OF FRACTURES AND BONE DEFECTS 
AFTER \’ENOUS STASIS 


J. ALBERT KEY, M.D. 

Axn 

FRANK WALTON, M.D. 

ST. LOUIS 

In this paper we shall report a series of observations on the healing’ 
of fractures or of defects in both ulnae of the dog when the veins 
draining one foreleg are ligated, thus creating marked venous stasis 
in that leg. 

REVIEW OF THE LITER.VTURE 

The literature ou the effect of venous stasis on osteogenesis has been 
reviewed by Pearse and iMorton,^ who trace the use of hyperemia from 
the time of Ambroise Pare. The clinical observations in the literature 
stimulated these authors to study the subject experimentally. They 
created a small defect in the fibula of each hind leg and ligated the 
right popliteal vein in twelve dogs. The ligation of this vein caused 
venous stasis in the region of the experimental bone defect in that 
fibula. In eleven of the twelve dogs, union was accelerated on the side 
of the ligation; this was manifested by the earlier formation of callus, 
the earlier calcification of callus and the earlier union. In addition to 
the experimental work, Pearse and iMorton reported two clinical cases 
of dela3'ed union in which venous stasis (hyperemia) instituted by 
elastic compression resulted in union. 

In a previous paper, iMorton and Stabbins - reported observations 
made on twelve rats and three dogs in which 0.5 cm. of each fibula 
was removed and the left saphenous vein was ligated. In these animals 
nonunion occurred on the ligated side. The authors concluded that a 
partial block of the veins of a limb in which there is a fracture or a 
resection causes dela\- in the union. After this paper was published, 
one of us (Dr. Key) repeated the experiments of Morton and Stabbins 
on the fibulae of dogs, but the results were inconclusive and were not 
published. -After the publication of the second paper, in which an 
opposite result was reported following a similar operative procedure, we 
felt that the observations should be confirmed. If it is true that venous 

From the Department of Surgery. Washington University School of Medicine. 

1. Pearse. H. E.. and Morton. J. J. : The Stimulation of Bone Growth by 
Venous Stasis. J. Bone & Joint Surg. 12:97. 1930. 

2. Morton. J. J.. and Stabbins. S. J. : Circulatory Factors Influencing Normal 
Osteogenesis. .-Vnn. Surg. 86:430. 1927, 



936 


ARCHIVES OF SURGERY 


stasis stimulates osteogenesis and accelerates the union of bone, venous 
stasis constitutes, so far as we know, the onl)^ method 3^et discovered by 
which this can be accomplished. 

Consequently, we resected 0.4 cm. of each fibula and ligated the 
popliteal vein in six dogs. Ten weeks later the animals were killed, and 
the fibulae were removed and studied. In one animal there was slightly 
firmer union on the right or ligated side, and in five animals the amount 
of callus and degree of union were practically the same on the control 
and on the ligated side. 

From the aforementioned observations it is evident that we were not 
able to confirm the results either of Morton and Stabbins - or of Pearse 
and Morton.^ We thought that the conflicting results might be 
explained by an unhappy choice of site for the bone defect. Since the 
fibula is a small bone and is largel}' covered by muscle attachments, it 
is difficult to perform a series of uniform subperiosteal resections on 
it. Consequently, we decided to repeat the experiment on a larger 
bone, and we chose the ulna because other experimental work had shown 
us that this is a bone of considerable size, and that since it is splinted 
by the radius, any desired amount can be resected with relatively little 
disability to the animal. 

MATERIAL AND METHODS 

The material consisted of twenty-four adult dogs. Twelve of the dogs were 
subjected to bilateral subperiosteal osteotomy of the ulna, the bone being exposed 
under aseptic conditions and cut with an osteotome and the wound sutured. In si.x 
of these dogs the ligation of the veins draining the right foreleg was carried out 
at the time of the operation on the ulna, and in the other six the unilateral venous 
ligation was carried out one week later. 

The other twelve dogs were subjected to operations in which a piece of bone 
approximately 0.5 cm. in length was resected from the shaft of each ulna. The 
operation was the same as the preceding one, except that instead of the osteotome 
the sharp bone-cutting forceps were used. After the shaft of the ulna had been 
exposed subperiosteally approximately 0.5 cm. of the shaft was removed with the 
bone-cutting forceps, care being taken to remove the entire thickness of the shaft 
and to make the defects in the ulnae of a given animal as nearly the same size as 
possible. In si.x of tiiese animals the unilateral venous ligation was carried out 
simultaneously with the resection of the ulna, and in the remaining six the 
ligation of the veins was performed one week after the osteotomy. 

In ligating tlie veins an incision was made first over the lower third of the 
brachial artery, and the deep veins accompanying this artery were tied and cut. 
Likewise, any otlier veins which could be found in this vicinity were tied and cut. 
This ligation caused congestion in the foreleg. Then a rather long incision was 
made in the bend of the elbow, and the large superficial veins which cross 
the elbow joint were ligated. Finally, a small incision was made in the viciniti' of 
the olecranon, and a superficial vein which was usually present in this region was 
ligated. \\c thus performed ligation of all of the large veins which could he 
identified in the region of the elbow. In each instance the vein was doubly 
ligatecl and cut between the ligatures. 
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Fig. 1 (parts 1 to 10, inclusive. — Roentgenograms of the ulnae of dogs after 
osteotomy. In each instance the veins draining the right foreleg were ligated at 
the elbow. In parts 1 to 5, inclusive, the ligations were performed at the time of 
the osteotomy, and in parts 6 to 10, inclusive, the ligatiens were performed seven 
days after the osteotomy. In each instance the x-ray photograph of the ulna of 
the ligated limb is on the left and the control is on the right. Pictures 1 and 6 
show the condition after four weeks ; 2 and T. after five weeks ; S and 8 after six 
weeks ; 4 and 9 after eight weeks ; 5 and 10 after ten weeks. 
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Fig. 2 (parts 11 to 20, inclusive). — Roentgenograms of operative defects ^ 
ulnae of dogs in which the veins draining the right foreleg had been ligatec a 
the level of the elbow. In parts 11 to 15, inclusive, the ligations were perfornie a^ 
the time the defects were made, while in parts 16 to 20, inclusive, the ligations 
performed one week later. In each instance the ulna of the ligated leg is on 
left and the control is on the right. Roentgenograms 11 and 16 were ta 'cn a 
four weeks; 12 and 17, after five weeks; 13 and 18, after seven weeks, an 
after nine weeks ; 15 and 1‘^. after twelve weeks. 
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Tlie operation on the veins always resulted in marked venous congestion of the 
foreleg and foot. The swelling persisted over a period of about two weeks and 
then decreased gradually as the circulation became adjusted. Our object in delay- 
ing the ligation of the veins until one week after the osteotomy in half of our 
animals was to rule out the possibility of accelerated union resulting from the 
presence of an unusually large hematoma at the site of the fracture or bone 
defect. 

The animals in which osteotomies bad been performed were killed at intervals 
of from three to ten weeks, and those with bone defects, at intervals of from 
three to twelve weeks. The ulnae on both sides were removed and e.xamined and 
fi.xed in a diluted solution of formaldehyde (1:10). U. S. P. Roentgenograms 
of the specimens were made, and the specimens were then decalcified, sectioned, 
stained and studied microscopically. 


KESL'LTS 

The gross specimens disclosed no demonstrable difference in degree 
of union between the ulna of the leg which had been subjected to liga- 
tion of the veins and the control on the other side of the animal. Xor 
was any difference shown in the roentgenograms (fig. 1,1 to 10) or on 
microscopic examination. In some instances union was more advanced 
than in other experiments of the same or of longer duration, but this 
was due to the fact that the dogs were young ones; in these (fig. 2, 
11 and 15) there was approximately the same degree of union on both 
the ligated and the control side. There was no more bone atrophy on 
the ligated than on the control side. 

On microscopic examination engorged, apparently dilated blood ves- 
sels were seen in the region of the fracture or defect on the ligated side, 
but study of the sections from the fracture or defect on the control side 
of the same animal revealed a similar condition. 

COMMENT 

In a recent paper Pearse and Morton ’ reconsidered their first 
opinion that blocking of the venous circulation tends to cause non- 
union. They pointed out that their first operations were not carefully 
performed, and that the ligation of the saphenous vein was probably 
not effective in creating venous stasis in the region of the fracture. 
They further noted that ligation of the small saphenous veins has no 
effect on the rate of union in the fibula, while resection of the femoral 
artery and its branches tends to cause delayed union. 

It is difficult to correlate the results of Pearse and iMorton ^ with 
those obtained in the experiments reported in this paper. There are 
possible sources of error in each method. In our work it is possible 
that, in spite of the extensive ligation and severance of all of the veins 

3. Pearse. H. E., and Morton. J. J. : The Influence of .iterations in the 
Circulation on the Repair of Bone. J. Bone & Joint Surg. 13:6S. 1931. 
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sufficiently large to be identified in the region of the elbow, the venous 
stasis was neither of sufficient degree nor of sufficiently long duration 
to influence the repair of the ulnar fractures. On the other hand, there 
was no question but that a marked degree of venous stasis was obtained ; 
this lasted over a period of about two weeks, and then the limb gradu- 
ally returned to a condition resembling that on the control side. The 
possible error in the experiments of Pearse and Morton is in the 
fact that the fibula is a small hone the surface of which is largely cov- 
ered by muscle attachments. In our experience, conclusions drawn from 
experimental fractures or resections on this bone have not been reliable. 

In regard to the clinical cases reported in the literature and those of 
Pearse and Morton in which fractures (with delayed union) united 
after passive hyperemia was instituted, we may state that we have had 
similar experiences. After reading Pearse and Morton’s paper we used 
the method clinically and obtained union. But we are not in a position 
to state that the union was due to the hyperemia. 

CONCLUSIONS 

Ligation of the veins around the elbow caused venous congestion in 
the foreleg and foot of the dog, hut had no effect on the healing of a 
fracture or of a defect in the ulna of this leg. 



RIBS OVERLYING EMPYEMA CAVITIES 


PATHOLOGIC STL'DY 
J. DEWEY DISCARD, M.D. 

OMAHA 

Transformation of the external form of ribs overlying empyema 
cavities occurs so constantly that the nature of the transformation and 
its pathogenesis seemed worthy of investigation. An extensive search 
of the literature failed to provide information dealing with the sub- 
ject, with the exception of descriptions of the gross deformities of 
ribs (Hedblom ^ ) , 

These ribs, as every surgeon engaged in thoracic surgery has fre- 
quently observed, have lost their normal contour and have become 
relatively round, triangular or rectangular and somewhat larger in 
cross-sectional dimensions. As illustrated in figure 2 A, these changes 
have resulted from the deposition of subperiosteal new bone on the 
inferior borders and internal surfaces of the ribs. The greatest deposits 
are laid down along the angles of the ribs and taper off with the pleural 
reflections at both extremities, where they become quite normal in 
appearance. Since adjacent ribs frequently are in contact or overlap, 
synostoses occasionally occur. Likewise, there occur certain concomi- 
tant or subsequent alterations of the internal architecture of these 
deformed ribs. 

However, only those ribs and only those portions of the ribs which 
shelter, or present evidence of having sheltered, empyema cavities show 
these changes. Evidence of the original extent of empyema cavities 
has been obtained from roentgenograms taken during the acute stage 
of the disease and before the establishment of drainage, or from the 
extent of the thickened pleura as obsers'^ed in the course of extensive 
plastic operations or at necropsy. 

Some of the material from which these observations were made 
and brief histories of the cases from which some of the specimens were 
obtained follow. 

REPORT OF CASES 

Case 1. — H. E. a boy, 15 months of age, was admitted on May 7, 1932, to 
the University Hospital with a history of cough, fever and increasing respirator 3 ' 
difficulty for three weeks. From the classic phj'sical and roentgenographic findings 

From the Department of Surgcrj-. University of Michigan. 

1. Hedblom, C. A.; Deformity of the Thorax Secondar\- to Pleural or Pul- 
monary Disease, J. .A. M. A. 94:102 (Jan. 18) 1930. 



942 


ARCHIVES OF SURGER}' 


and the presence of thick pus containing pneumococci, type I, aspirated from the 
left pleural cavity, a diagnosis of postpneumonic empyema was made. 

Daily thoracenteses were carried out for one week. Open drainage was then 
established and the empyema cavit 3 ' rapidlj"^ became obliterated, so that after three 
weeks there remained only a short residual sinus. However, two months after 
admission, death resulted from purulent pericarditis following an intercurrent 
infection of the upper respiratory tract. 

At autopsy an investigation of all the ribs of the left half of the thorax was 
made. New bone had been deposited on the inferior edges and internal surfaces 
of all ribs with the exception of the upper two and lower three, in which no 
alteration could be made out on gross examination. The greatest deposits occurred 
at the angles, while at the extreme ends of the ribs no abnormality was dis- 



Fig. 1 (case 1). — An undrained acute empyema of less than three weeks 
duration ; a, shadows cast by new-formed bone along the inferior surfaces of 
ribs 4 to 9 inclusive ; b, the apex of the functional scoliosis resulting from pro- 
tective reflex muscle spasm. The narrowing of intercostal spaces frequently 
observed in chronic empyema is absent. B, roentgenogram of the same patient 
eleven da\’s later and four daj'S after the establishment of drainage. The shadows 
of new-formed bone (a) stand out distinctly against the contrast medium pro- 
vided by the pneumothorax. 


cernible. This is well illustrated in figure 2 B, a roentgenogram of the anterior 
half of one of the ribs. Corresponding to the distribution of new bone deposits, 
the underlying parietal pleura was firm, dense and thick. 

Roentgenograms taken on the patient’s admission to the hospital (fig- 1 ' 

before drainage) and a week later (fig. 1 B, after drainage) clearly show a ajcr 
of new bone along the inferior edge of each rib overlying the empyema caut>. 
is important to note that these changes occurred within three weeks a ter 
onset of illness. 
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Fig. 2 (case 1). — -A. upper cross-section of a triangularly shaped rib which over- 
laid the empyema cavity shown in figure 1. The three strata of new-formed bone 
(both spongy and dense) responsible for the alteration of the shape of the rib 
are designated by a, a', a" ; the original internal surface which is buried bj- new 
bone and undergoing absorption at b' is designated by b, the inflamed and greatly 
thickened parietal pleura and periosteum by c, and the intercostal nerve and blood 
'•^^^els by d. Note that the new bone has been deposited on the surfaces adjacent 
to the inflamed parietal pleura and intercostal blood vessels and that the rib was 
originally oval in contour. B, roentgenogram of the anterior half of the rib illus- 
trated in cross-section in A. The newly deposited bone (a) diminishes in amount 
progressively toward the sternal extremity, where for a short distance there is 
no new bone. On the external surface the cortical thickening from peripheral 
condensation of trabeculae is apparent. 
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Two adjoining ribs with their intercostal tissues, periosteum and parietal 
pleura were cross-sectioned cn masse. A photomicrograph of the specimen 
(fig. 2 A) demonstrates the intimate relation of the new-formed bone to the 
thickened parietal pleura and the intercostal vessels and its limitation to the sur- 
faces in contact with these structures. It is apparent that this new-formed bone 
has been deposited in three distinct layers on the old cortex which, although still 



Fig. 3 (case 2). — .•/, photomicrograph of one of the rectangular transformed 
ribs removed at operation. The old cortex (b) whicli originally was in contact with 
tlie inflamed parietal pleura but which is now buried by newly deposited bone (a) is 
surrounded by calcified fibrous marrow. D, high power photomicrograph of the 
calcified fibrous bone marrow illustrated in A. 

intact, is undergoing absorption, especially at the inferior angle. .As a consequence 
of this transformation the rib has lost its normal oval contour and has 
larger and triangular-shaped. The significance of these observations \vi 
considered in the comment. 
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Case 2. — C. B., a boy of 15 years was admitted to tlic University Hospital on 
July 8, 1929, for treatment of a postpneunionic empyema of tiie right pleural 
cavity. The onset of pneumonia iiad occurred seven weeks previoush'. Drainage 
was established immediately on admission, and four months later a Schede 
thoracoplasty was done to obliterate a large residual cavity with its broncho- 
pleural fistula. 

Figure 3 A. a low power photomicrograidi of a cross-section of one of the 
ribs, depicts the extensive alteration of external conformation. The new bone, 
as noted in the preceding case, has been deposited on the cortical surface adjacent 
to the pleura and in this instance has given the rib a relatively rectangular shape. 

Of great interest is the presence of calcified fibrous marrow localized prin- 
cipally about that portion of the old cortex which is enclosed within the newly 
deposited bone. These changes are represented in greater detail in figure 3 B 
and their possible significance will he considered in the comment. 



Fig. 4 (case 3). — From the deposition of new bone (a) on the inferior mesial 
aspect, the contour of the rib, normally oval, has become triangular. Throughout, 
the bone is extremeU' dense, probably the result of chronicitj’ of the empyema in 
a child. The portion of the original cortex buried by the abnormal bone deposit 
has been absorbed. 

The roentgenogram, figure 9 5, clearly reveals that the greatest new bone 
deposits have occurred at the angle, and that the old bone contains an increased 
number of trabeculae, with definite condensation of these trabeculae about the 
periphery, especiallj' along the external cortical surface. 

Case 3. — N. S., a bo 3 ', aged 5 years, was admitted to the Universitj' Hospital 
on Harch 5, 1929, with a postpneumonic empj'ema of the left pleural cavitj-, which 
subsequentlj’ was proved bj' biopsy to be tuberculous. A discharging sinus had 
been present continuouslj' since the establishment of drainage soon after the onset 
of the disease, two j'ears and three months before admission. 

To obliterate a large empj’ema cavitj' and to close an associated bronchial 
fistula, a Schede thoracoplastj- was done in stages in January. 1930. 

One of the ribs removed at operation (approximately three j-ears after the 
Onset of the empyema) was sectioned for microscopic stud.v. As illustrated in 
figure 4, c.xtensive transformation of the rib has occurred. In cross-section it is 
considerably enlarged and definitely triangular. The cortex is abnormally thick 
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and composed of abnormallj' dense bone. As has occurred in all cases which have 
been studied, the new bone has been deposited on the surface of the rib adjacent 
to the pleura and the intercostal blood vessels. The portion of the original cortex 
on which the new bone was laid down has been entirely absorbed. 

Case 4. — A. W., a white man, aged 22 years, entered the University Hospital 
on Dec. 8, 1929, for the treatment of a chronic, postpneumonic nontuberculous 
empyema of ten months’ duration. Soon after the onset of empyema, intercostal 
drainage had been established, but one month later the sinus had been permitted 
to close. Subsequently spontaneous drainage through a bronchus had occurred. 



Fig. 5 (case 4). — The outline of the original corte.x of the transformed rib 
is definitely oval. The new bone (a) has been laid down in several layers under 
that portion of the periosteum which is in contact with the intercostal blood vessels 
and inflamed parietal pleura. The new bone is rather dense and the marrow adja- 
cent to the buried old cortex (0) presented in several sections fibrous tissue 
replacement of the normal marrow tissue. 

On the day following admission, adequate dependent open drainage was estab- 
lished and prompt obliteration of the cavity ensued. 

The alterations of e.xternal conformation and of the internal architecture of 
the rib resected approximately five months after the onset of the empyema are 
depicted in figures 5 and 9 C. The new bone has been laid down on the inner 
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suriacc and inicrior Ixirdcr of tlic n'l) in sciniconipact concentric laincllae. The 
portion of tile old cortex on which the new Ixnie has been deposited has remained 
intact. In some marrow spaces of the old hone tliere lias been replacement of 
normal marrow by fibrous tissue. 

The roentpenoprani of this rib ( fip. 9 0 brings out the dense newly deposited 
bone in sharp contrast to the less dense old bone. The other evidences of trans- 
lorniation noted in the previously described specimens are present but to a 
lesser degree. 

F..\ PKRI .M KNT.\F OnSERV.tTIONS 

Experimext 1. — Dog 7SF, an adult mongrel police dog. weighing 14 Kg., was 
operated on. .Xfter a subperiosteal resection of a 3.5 cm. segment of the right 



Fig. 6. — Ribs from experimental animal in experiments 1 (A) and 2 (B). 
jpical subperiosteal new bone (a) has been laid down on the cortex (fc) under 
at portion of the periosteum which normally is in contact with the parietal pleura. 


The 


gross architecture of the old rib has been reproduced. Compare these speci- 


mens with the human specimen in figure 2 A. 


tenth rib at its angle, the endothoracic cleavage plane was established and an extra- 
pleural pneumolysis was performed ; the parietal pleura was gently freed from 
periosteum of ribs 9, 8 and 1 and their respective intercostal structures for a 
■stance of approximately 10 cm. Into the space created by the pneumolysis, 
gauze was gently packed and the wound closed without drainage. 

Healing occurred by primary intention, but on the third postoperative day and 
°ii four subsequent occasions it was necessary to aspirate considerable serosan- 
guineous fluid from the subcutaneous and deeper tissues. 

Six Weeks after operation the animal was killed and at autop.sy there was a 
-niall subcutaneous collection of serous fluid containing flecks of fibrin and com- 
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Fig. 7. — Reproduction of an illustration from Wolff (Das Gesetz cler Trans- 
formation dcr Knoclien, Berlin, A. Hirschwald, 1892) ; Nos. 1 and 6. photo- 
graphs of the bony architecture of the proximal portion of the shaft and of the 
head and neck of the normal femur. No. 2, this crude but effective analog^' of 
the mechanical support given by trabeculae to the overhanging head and neck on 
the shaft of the femur for the transmission of the forces of weight-bearing to 
the mechanics of the lamp-post bracket was first used by Ward, an English anat- 
omist. Nos. 5 and 4, diagrammatic representations of the inner or trabecular 
architecture, demonstrating the two principal systems of trabeculae; the com- 
pression system arising from the adductor side of the cortex of the shaft and 
extending in a fan-shaped arrangement to the greater trochanter and the opposite 
surfaces of the head and neck, and the traction or tensile system which arises 
from the corte.x of the abductor side of the shaft and extends in a wide arcli to 
the adductor portion of the head. These systems arc supplemented by smaller 
groups; they always course cither perpendicularly or parallel to the a.xis of the 
bone, and intersect at right angles. No. 5, diagrammatic illustration of the 
courses of the trabecular systems described. 
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municating with tlic siihcoftal space. TIic paiizc pack was rather firmly fixed to 
the prcatly thickened pleura and to tlic che.sf wall by a fibrinous e.xudate and some 
granulation tissue. Tile inner, or that ixirtion of the periosteum in contact with 
the gauze was greatly thickened, edematous and vascular. It separated from the 
ribs with abnormal ease. Tlie normal oval contour of each rib had been altered 
by a layer of new hone on its internal surface, the e.xtent corresponding c.xactly to 
that of the inflamed portion of the periosteum with which it was in contact. 



Fig. 8. — Reproduction of an illustration taken from Wolff (Das Gesetz der 
Transformation dec Kncchen) ; Xos. 6, 8, 10, 11 and 12. Sections of the femoral 
head, neck and shaft which were cut in various planes for a complete analysis 
and reconstruction of the trabecular systems. The mathematical basis of W'olff's 
law is depicted in the striking similarity of the diagrammatic representation of 
the trabecular systems (/) to the graphic representation of the distribution of 
forces in their various components (mathematicalh- calculated) in a structure, the 
airbairn crane (9), which is similar in shape and function to the human femur. 


As revealed by microscopic examination (fig. 6 A) of a cross-section of one 
of these ribs (the eighth), the transformation had resulted from the deposition of 
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a crescent of subperiosteal new bone on the old cortex, histologically not unlike 
that observed in the human specimens (figs. 2A and 5), a newly formed subperi- 
osteal cortex of dense bone with a central spongiosa of trabeculae and of fatty and 
cellular marrow. 

ExPERiAfENT 2. — Dog 84F, an adult shepherd dog, weighing 12.5 Kg., was 
operated on. With a technic similar to that of the pectoral muscle pneumolysis 
described by Alexander,^ long segments of ribs 7, 8, 9 and 10 were stripped of 
their periosteal sheaths, and a muscle flap raised from the chest wall and fash- 
ioned with a pedicle to preserve an adequate blood supply was insinuated between 
the internal surfaces of the bare ribs and the mesially displaced periosteum and 
intercostal bundles. The wound was closed in layers and healed by primary 



Fig. 9. — A, roentgenogram of a normal rib with the flat surface against the 
film. Posterior to its angle the rib becomes relatively round and its cortex 
thicker, and its spongiosa contains fewer trabeculae, which cross diagonally from 
one opposing cortical surface to the other. In the anterior portion the longitu- 
dinal trabeculae can be demonstrated traversing the long axis of the rib for long 
distances, and the cortex is very thin. B, roentgenogram of a transformed rib 
removed in case 2. Note the new-formed bone (a) deposited in greatest quanti- 
ties at the angle of the rib and in progressively smaller quantities anteriorly. In 
comparison with the normal rib structure in A, the cortex is greatly thickened at 
the expense of the trabeculae of tlie spongiosa. C, roentgenogram of a rib removed 
in case 4. There is an increase of trabeculae, no thickening of the cortex, but the 
newly deposited bone (a) on the inner surface is very dense. The greatest density 
and quantity arc found at the angle. 

2. Alexander, John: Supraperiosteal and Subcostal Pneumonolysis with Fill- 
ing of Pectoral Muscles, Arcli. Surg., to be published. 


ig. 10. Roentgenograms of normal ribs, which demonstrate the two systems 
0 trabeculae ; Those of the first are placed longitudinally to the long a.xis of the rib, 
an are intersected by those of the second and smaller .system, which are trans- 
terselj situated to the long axis of the rib and which bridge opposing cortical 

t aces. Note the thickened cortex in the section cut posterior to the angle of 
the rib (a). 



'>g. 11. Roentgenograms of cross-sections of a normal rib, posterior to the 
ang e of the rib near its vertebral articulation (a) at the angle (/>) and at the 
at^T^' and of two transformed ribs posterior to the angle of the rib (d), 

^^tie angle (c) and at the sternal end (/). In the latter group note the evidence 
greatest deposits of new bone at the angles and progressively diminishing 
"■ar both extremities, the absence of new bone at the sternal end and conse- 
ciucnth a normal oval contour, the thickened cortex and the increase in trabeculae 
^trougliout. The cortex of the section of the normal rib (a) is thicker than that 
to 'tansformed ribs (rf) because it was cut at a greater distance posterior 
'e rib angle and nearer its vertebral articulation. 
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intention. On the eighth postoperative day considerable serosanguineous fluid was 
aspirated from the subcutaneous tissues. Cultures of it were sterile. 

The animal was killed sixtj' days after operation. The rib segments which 
had been denuded of periosteum were partially necrotic, and the portion of the 
mesially displaced periosteum which was in contact with the interposed muscle 
had produced no new bone. But at the borders of the interposed muscle where 
the periosteum was in direct contact with neither muscle nor the cortex of the rib 
from which it had been lifted, a layer of new bone had been deposited on the 
rib, between its cortex and the periosteum. A cross-section of one of these ribs 
at this site (fig. 6B) presents a picture almost identical with that observed in 
experiment 1 (fig. 6 A). Consequent!}’' its histologic changes need no further 
comment. 

It is apparent that the same physiologic response of the rib and its 
periosteum has been produced experimentally by two widely divergent 
methods. In experiment 1 there was a response to aseptic inflammation 
of foreign bod}'- reaction and in experiment 2 a response to traction 
on and separation of periosteum from bone. 

COMMENT 

In an endeavor to correlate these clinical and experimental obser- 
vations and to explain the cause and nature of the transformation 
observed in these ribs two ph 3 ''siologic processes or principles will be 
considered. These may be designated as the osseous and periosteal 
response to (1) inflammation, periostitis or osteoperiostitis and (2) 
functional demands (Wolff’s law®). 

Inflammatory Response . — The intimate relation of the inflamed and 
infected parietal pleura to the adjacent surfaces of the overlying ribs 
and periosteum with their respective lymphatic communications makes 
a certain degree of secondar}'^ periostitis or osteoperiostitis almost 
inevitable. As observed in case 1, this inflammatory reaction is mani- 
fested by a marked periosteal and subperiosteal cellular proliferation 
(fibroblasts and osteoblasts) and the deposition on the old cortex of 
trabeculae of new bone with cellular and fatty marrow spaces enclosed 
in a newly formed cortex of dense bone. This process may be repeated 
several times to form tiers of cancellous bone separated by layers of 
dense bone. From this picture one gains the impression that there 
have been repeated stimuli to osteogenesis, and to each a reproductive 

3. Wolff, J. : Das Gesetz der Transformation der Knochen, Berlin, A. 
Hirschwald, 1892; Ueber die Wechselbeziehungen zwischen der Form und der 
Funktion einzelnen Gebilde des Organismus, Leipzig, F. C. W. Vogel, 1901 : Die 
Lehre von der funktionellen Pathogenese der Deformitiiten, Arch. f. klin. Chir. 
53:831, 1896; The Law of Transformation of the Internal Architecture of Bones 
in Pathological Changes of the External Form of the Bone, Sitzungsb. d. K. Pr. 
Akad. d. Wissensch., Berlin 1:475, 1884. 
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response. In figure 2 .1. there may he discerned three separate strata 
or attempts at new rib formation. 

This same architectural arrangement of s])ongy and cortical new 
hone and its deposition in layers is observed frequently in subi>erio- 
steal new hone formation in long hones (KauiTmann '). Likewise an 
analogous condition occurs not infrequently in an extremity in which 
there is a cellulitis with the infection superficial to the periosteum. The 
periosteum takes jiart in the regional inflamniatoiy reaction, and the 
ensuing osteogenic response produces a histologic picture of newly 
deposited bone precisely the same as that observed in the rib specimens 
■which were in contact with the infected parietal pleura. I recently 
studied two such specimens, both obtained from the external surface of 
the tibia. 

The significance of fibrous replacement of the normal cellular and 
fatty marrow of the old bone of two of the rib specimens (figs. 3 
and 5) and of its calcification in the one instance (fig. 3 B) is some- 
what problematic. Since these pathologic changes elsewhere in the 
body, excepting metabolic disturbances and new gronlihs, occur in tis- 
sues of low vitality which have been the seat of chronic low grade 
infection or in tissues which have undergone necrosis, it is reasonable 
to interpret them as evidence of degeneration. Brunschwig ® has 
reported the occurrence of calcified fibrous bone marrow in three cases 
of chronic osteomyelitis of over fifty years’ duration. In two of the 
^ses it occurred only in dead bone which had been sequestrated or 
which was undergoing sequestration, but in the third case there was 
calcification in fibrous marrow of living bone some little distance from 
a large osteoinj'^elitic cavity. He ® also reported the observation of 
extensive calcification in the dense fibrous lining of an old bone cyst. 
Thexnister ■ has noted its occurrence in tuberculous sequestrums. It is 
of interest that Brunschwig, in an extensive search of the literature, 
could find no record of similar observations. 

To make deductions by analogy from this small amount of data 
W'ould be absurd. However, the possibilit}- of preexistent low grade 
nonsuppurating osteomyelitis of these two ribs with subsequent fibrosis 
and calcification is suggested. That these changes occurred principal!}" 
in the marrow nearest the infected empyema cavity ma}" have similar 
significance. 

, f^cimann, in Kauffmann : Pathology- for Students and Practitioners, PhiJa- 
oelplna, P. Blakiston’s Son & Co., 1929, vol. 2. 

F'h ^ ^I'nnschwig, A. : Epithelization of Bone Ca^•ities and Calcification of 

rous Afarrow in Chronic Pvogenic Osteomyelitis, Surg.. Gvnec. & Obst. 32: 

^^9 (Afarch) 1931. 

<5. Brunschwig, A. ; Solitary Bone Cysts of Long Duration, J. Bone &: Joint 
Surg^ 12:141, 1930. 

j. Hicmister. D. B.: Necrotic Bone and the Subsequent Changes AVhich It 
'^■'dergocs, J. A. AL A. 64:211 (Jan. 16) 1915. 
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From the observations of Cullmann,® Wolff obtained the third 
principle involved in his law. While observing an anatomic exhibit pre- 
pared b}^ von Meyer, Cullmann, a Viennese mathematician, was impressed 
with the remarkable resemblance existing between the internal bony 
architecture of the head, neck and shaft of the normal human femur 
and the graphostatic diagram of a Fairbairn crane. By applying a load 
of 30 Kg. (the approximate load borne by an ’adult human femur) 
to the crane and by projecting the resultant lines of force, he was 
able to demonstrate a definite analog}"^ in the courses of the trabeculae 
of the head and neck of the femur as seen in the frontal section and 
in those of the trajectories of his diagram. He concluded that bpne 
was constructed in accord with mechanical principles to provide the 
greatest strength and efficienc}'^ with a minimum of material. 

In a subsequent investigation of a large number of bones which 
were deformed as a result of abnormal function, trauma and disease, 
Wolffs® demonstrated the observance of the same mathematical prin- 
ciples in these reconstructed and transformed bones. Since any change 
in the external form of a bone is followed by a change in the direction 
of the forces of traction and pressure acting on it, a transformation of 
its inner architecture along these lines of force should occur in main- 
tenance of mechanical efficiency. That this does occur, and according 
to mathematical principles, Wolff demonstrated by determining the 
changes mathematically before verifying them anatomically. Appar- 
ently trabeculae which have been rendered statically useless by a change 
in the form of the bones are destroyed and are replaced by new trabecu- 
lae adjusted to the changed form. 

From a very laborious study Koch calculated the forces of weight- 
bearing in all their components acting on each system of trabeculae of 
the femur at various levels, and determined the relative factors of safety 
at these levels. From these calculations he was able to predict with a 
high degree of accuracy the relative frequency of fractures at various 
levels when forces acting along their normal axes were increased beyond 
the factor of safety. 

Grallois and Japiot studied the inner bony structure of vertebrae 
(predominantl}'^ spong}" bone) and arrived at conclusions confirmatory 
of Wolff’s law. From a roentgenographic study of femora of various 
species of animals, Freiberg -® demonstrated a variance of architecture 
consistent with the variation in function. 

23. Wolff, J. : Bemerkungen zur Demonstration von Roentgenbildern der 
Knochenarchitectur, Berl. klin. Wchnschr. 37:381, 1900. 

24. Gallois and Japiot: Architecture interieure des vertebres, Rev. de chir. 

63:688, 1915. . , „ , 

25. Freiberg, A. H.: Wolff’s Law and the Functional Pathogenesis of Deform 

itv, Am. J. M. Sc. 124:956, 1902. 
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It is reasonable to assume tliat the bony architecture of the ribs 
has been constructed on the same mechanical principles as all other 
hones, and that every change in the forms and functions or functions 
alone would result in changes in internal architecture and external 
conformation. The complexity of the functions for which ribs are 
designed makes an analysis of the forces acting on them and a projec- 
tion 'of those forces impossible. The stresses of superincumbent weight 
have little importance compared to the muscle pull of respiratory excur- 
sions and the stress incident to the unequal pressures on the internal 
and external surfaces of the ribs during the inspiratory phase of respi- 
ration. Likewise, these forces are distributed over a large area and 
are shared to a small extent by other structures such as the vertebral 
column. Unquestionabl}', the bony thoracic cage possesses a large factor 
of safety for the protection of the enclosed viscera against external 
violence. Equally uncertain are the appraisal and analysis of the altera- 
tion of forces of stress, compression and torsion resulting from a chronic 
infection of the pleural cavity. In the acute stage of the disease the 
affected side usually is splinted by spasm of the muscles not only of 
the hemithorax but also of the abdomen, back and neck of the same 
side. With progression to chronicity and in the process of healing the 
pleural scar contracts and exerts increased and abnormal forces on the 
overlying ribs. 

In accord with Wolff’s law a transformation of the costal bony 
architecture to meet these abnormal forces would be expected, and the 
transformed ribs would represent functional rather than pathologic 
deformities. In an endeavor to investigate the changes of the inner 
architecture of these abnormal ribs as compared to the normal, micro- 
scopic and roentgenographic studies of sections cut in transverse, longi- 
tudinal and sagittal planes were made. As illustrated in figures 9 A 
and 10 the cancellous structure of the normal rib consists of 
two principal systems of trabeculae. The larger and thicker trabeculae 
traverse for long distances the long axis of the rib. They leave the 
cortex at rather acute angles, and at the angle of the rib the}" appear 
to cross the cancellous space and join the opposite cortex (probably to 
buttress this segment which receives greatest stress). The second or 
smaller system is composed of short trabeculae placed roughly at right 
jingles to the long axis of the rib. Since these trabeculae irregularly 
intersect those of the longitudinal system to produce a honey-comb 
-‘’triicture, it is impossible definitely to trace their courses, but it would 
appear that they tend to bridge opposing cortical surfaces. Posterior 
n Its angle each rib, with the exception of the first, becomes somewhat 
niore round in contour. The cortex is much thicker and the spongiosa 
i^oiitains comparatively few trabeculae. This fact and the stratified 
i^nnipositioj., of the cortex of some ribs ( fig. 4) add support to the 
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contention of von Meyer and WoltT that the cortex of all bones is made 
up from a condensation of the peripheral portions of the trabeculae of 
the spongiosa. 

The inner architecture of the abnormally shaped ribs presents 
definite changes. The longitudinal trabeculae are increased in numbers 
and show marked peripheral condensation to form a relatively thick but 
loosely packed cortex (figs. 2 B and 9 B). 

The occun-cnce and significance of fibrous replacement of normal 
marrow and of calcified fibrous marrow have been discussed. Similar^ 
the subperiosteal deposits of new bone have been dealt with. To 
explain the changes in the marrow on the basis of a purely functional 
response is impossible. The subperiosteal new bone may in part rep- 
resent a transformation in accordance with Wolff’s law. Although 
much evidence, already enumerated, indicates that the periostitis or 
inflammatory response initiates osteogenesis, subsequent stimuli ma}' 
come from contraction of the pleural scar. 

Experiment 2 was designed to determine this response of perios- 
teum and bone to tension on the periosteum and its separation from 
the bone. New bone was laid down in precisely the same manner as 
occurred in response to inflammation in experiment 1 and as has 
been observed in the human specimens. From the results of this 
experiment it may be deduced that tension from contraction of the 
pleural scar of chronic empyema may initiate secondary stimuli to 
osteogenesis and deposition of the younger tiers of subperiosteal new 
bone, as illustrated in case 1 (fig. 2A). 

SUMMAKY AND CONCLUSIONS 

1. The structural changes commonly observed in ribs which overlie 
empyema cavities and the relation of these changes to the parietal pleura 
are described. 

2. A report of an investigation and certain deductions relative to 
the pathogenesis of these changes are presented. This analysis, based 
on clinical, histologic, rocntgenographic and experimental data, indi- 
cates that the transformation has been brouglit about by the action of 
two physiologic processes. 

The first of these, the inflammatory response or periostitis which 
probably is most active during the acute stage of an empyema, occurs 
in that portion of the rib and its periosteum which is in contact witli the 
dilated intercostal vessels and tlie inflamed and infected parietal pleura 
and causes the laying down of one or more distinct layers of sub]ieiios- 
teal new bone. I'urther evidence of a secondary inflammatory response 
and possibly of infection may be deduced from the presence in two ri!) 
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specimens of fibrous and calcified fibrous bone marrow. These degen- 
erative changes suggest the possibility of a preexistent osteitis or 
osteom3'elitis. 

The second factor has been designated as a functional response in 
which the osteogenic elements of these ribs bring about certain trans- 
formations in accord with the principles outlined in Wolff’s law. It 
is probable that the proliferation of trabeculae and their peripheral con- 
densation to form the tliickened cortex obsen’^ed in the transformed 
ribs represent a functional response to certain abnormal forces acting 
on the ribs as a result of contracture of the pleural scar of the underh-- 
ing empyema. Likewise, this same ph)-siologic process may be in part 
responsible for the subperiosteal deposits of new bone. 

It would appear that the greatest abnormal force acting on these 
ribs overlying chronic empj'ema cavities is the centripetal traction of 
the contracting pleural scar. To resist this force the transformation 
of the inner architecture constantly observed in the specimens examined 
would logical!}' be anticipated. 

Dr. John Alexander permitted the use of his collection of pathologic ribs in 
this study. Dr. C. V. Weller and Dr. J. C. Bugher assisted in the preparation of 
the pathologic specimens. 



COMBINATION AVERTIN-ETHER RECTAL 
ANESTHESIA 

EXPERIMENTS ON ANIMALS 
GEORGE HALSEY HUNT, M.D. 

RED BANK, N. J. 

The purpose of the experiments here described was twofold: first, 
to determine whether a combination of avertin (tri-bromethanol) and 
oil-ether, administered by rectum in experiments on animals, would 
produce anesthesia measurably deeper or more lasting than avertin 
alone ; and second, to determine the relative safety of these drugs when 
thus used. The work was undertaken in the hope of securing a combi- 
nation of anesthetic effects which would give a safe anesthesia in man 
with the comfortable, rapid induction characteristic of avei'tin and the 
more sustained, deeper anesthesia induced by ether, making supple- 
mentary inhalation anesthesia unnecessary for operations for which 
marked relaxation is not required. 

LITERATURE 

The development of tri-bromethanol in Germany and its introduc- 
tion into this country some years ago have given rise to an extensive 
literature, originally in German, but more recently in English 'also. 
This literature has been well summarized by many American writers, 
notably by Waters and Muehlberger,^' who in addition reported experi- 
mental and clinical investigations. However, in only one article, by 
York and Schork,^ have I found any reference to the use of rectal ether 
as a supplement to avertin anesthesia. They reported the use of this 
combination for several patients, with excellent results, but had not 
done any experimentation on animals with the procedure. 

EXPERIMENTS WITH ALBINO RATS 

The first experiments were conducted with albino rats, which have 
the double advantage of being easy to handle and of having relatively 
capacious rectums. The technic used was as follows : 

No preliminary medication was given. A small amount (from 10 to 20 cc.) 
of 3 per cent aqueous solution of avertin was prepared just before each group of 

From the Department of Surgery, College of Physicians and Surgeons, Colum- 
bia University. This experimental work was done while the author was a Junior 
Fellow in Surgery. 

1. Waters, Ralph M., and Muehlbergcr, C. W. : Tribromethanol Anesthesia. 
Arch. Surg. 21:887 (Dec.) 1930. 

2. York, Arthur J., and Schork, R. J. : Tribromethanol as a Basal Anesthetic. 
South. M. J. 24:244, 1931. 
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experiments and kept at dO C. over a water bath. For each animal the dose 
of avertin was calculated from tiie body weight, and the corresponding quantity 
of 3 per cent avertin solution was measured into a syringe and injected into the 
rectum through a to 3 inch segment of a small rubber catheter. Care was 
used to have the lumen of the catheter filled with solution, so that all of the 

Table 1. — E.vpcrimoits on Albino Rats with Avertin Alone, with Avertin-Ethcr 

and zoitli Ether Alone 


Avertin 
in Gm. 
per Kg. 

Ether 
in Cc. 
per Kg. 

Kumber 

of 

Rats 

Length and Depth of Anesthesia and Result 

0.15 


O 

Drowsiness only; recovery for both 

0.3 



1 rat, complete anesthesia for 1% hours, recovery 

G rats, drowsiness and partial anesthesia, all recovered 

0.5 

•• 

o 

1 rat, anesthesia for 3 hours, recovery 

1 rat, anesthesia for 5 liours, recovery 

0.6 


o 

1 rat, anesthesia for 1 hour, recovery 

1 rat, anesthesia for 3 hours, recovery 

0.7 


o 

1 rat, death after % hour 

1 rat, anesthesia for 2 hours, recovery 

0.3 

1 

4 

1 rat, death after hours 

1 rat, partial anesthesia for 1 hour 

1 rat, complete anesthesia for 1 hour 

1 rat, complete anesthesia for 2 hours 

0.3 

2 

5 

1 rat, death after 20 minutes 

1 rat, anesthesia for 1 hour 

1 rat, anesthesia for hours 

2 rats, anesthesia for 2% hours 

0.3 

4 

5 

1 rat, death after 50 minutes 

1 rat, anesthesia for 2 hours 

3 rats, anesthesia for 3 hours 

0.3 

» 5 

C 

5 rats, in 2, death after 414 or 5 hours; 3 found dead in the morn- 
ing; in 3 of the 5 signs of recovery at one time or another 
1 rat, anesthesia for 4% hours, recovery 

0.3 

6 

1 

1 rat, death after 2 hours 

0.4 

5 

2 

2 rats, death; one after 10 minutes; one after 3 hours 

0.4 

10 

2 

2 rats, death after 3 or 344 hours 


2 

1 

1 rat, partial anesthesia 


4 

O 

3 rats, partial anesthesia 


S 

2 

1 rat, death during night 

1 rat, partial anesthesia only 


10 

4 

1 rat, anesthesia for ^4 hour 

3 rats, partial anesthesia only 


15 

o 

1 rat, death during night 

1 rat, partial anesthesia only 


measured quantity' was injected. After several methods of holding the rats had 
been tried, best results were obtained by tj-ing them in the dorsal position to a 
small animal board. During and after injection, compression of the preanal region 
against the extended tail prevented escape of the injected solution. The rats were 
deemed anesthetized when they fell to the cage floor and lay motioiiless. and 
anesthesia was assumed to continue until they first made ata.xic efforts to regain 
their feet, or until they responded to painful stimuli, such as application of a 
Kocher clamp to the skin. 
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In the experiments in which ether was used, a solution composed of two parts 
of ether and one part of liquid albolene was made, and the doses were calculated, 
measured and injected in the manner described. When the avertin-cther combina- 
tion was used, the avertin was injected first, and the oil-ether from five to ten 
minutes later, after the animal was anesthetized. 

A complete tabulation of these experiments will be found in table 1. 

These experiments were not expected to give conclusive proof of 
either the efficacy or the safety of avertin-ether anesthesia, but were 
intended merely as preliminary guides in undertaking the more extensive 
and accurate work on dogs. There was conclusit'e etddence, however, 
that doses of avertin and ether which separately induced only partial 
anesthesia, when given together produced a deep anesthesia lasting from 
one to three hours; for example, avertin, 0.3 Gm. per kilogram, plus 
ether, 4 cc. per kilogram. 

Because of the mortalit}’’, from 20 to 25 per cent, with the smaller 
doses of this combination, the work with dogs was approached with 
caution. 

EXPERIMENTS WITH DOGS 

This work involved a good deal of trial and error. In the first 
twenty-three experiments, the dogs were given no preliminary medica- 
tion. With several dogs, enemas were used as preanesthetic preparation ; 
others were starved for twenty-four hours; in a third group both 
methods of preparation were used ; in a fourth group, neither. 

In these experiments, avertin alone in doses of from 0.1 to 0.3 Gm. 
per kilogram gave anesthesia lasting from one-half to one hour. Addi- 
tion of ether in doses of from 1 to 2 cc. per kilogram slightly increased 
the length of anesthesia though the maximum duration obtained was 
one hour and twenty minutes (with avei'tin, 0.3 Gm. per kilogram, plus 
ether, 2 cc. per kilogram) ; but the majority of these experiments were 
unsuccessful because of expulsion of the oil-ether mixture either 
immediately or after some minutes. In an effort to overcome this 
difficulty, ether was emulsified with milk and injected; and in another 
case a solution was made by dissolving the calculated amount of avertin 
in the calculated amount of oil-ether mixture. Both of these procedures 
failed ; the ether-milk mixture was expelled as promptly as the oil-ether, 
and the avertin-oil-ether solution produced only drowsiness. 

At Dr. Gwathmey’s ® suggestion, a preliminary medication of mor- 
phine, 10 mg. per kilogram, was then instituted, as recommended by 
Beckman.'* 

3. Gwathmey, James T. ; Personal communication. 

4. Beckman, Harry: On the Alleged Synergism of Magnesium Sulfate and 
Morphin When Injected Prior to the Induction of Anesthesia by the Oil-Ether 
Colonic Method, J. Lab. & Clin. Med. 10:189, 1924; Colonic Anesthesia in Dogs, 

J. Am. Vet. M. A. 20:67, 1925. (This gives a somewhat more complete description 

of the technic than appears in his other article.) 
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riXAL TECHNIC 

The technic ultimatclv worked out was as follows; 

Enemas and starvation were dispensed with. One hour before the injection 
of avertin, the dog was weighed, and 10 nig. of morphine sulphate per kilo- 
gram of body weight was injected subcutaneoush-. The kilogram dose of avertin 
having been decided on, the amount of avertin fluid to be used was calcu- 
lated from the body weight. (Avertin fluid is a 100 per cent solution of avertin 
in amylene hydrate.) From the figure thus obtained, the amount of distilled water 
necessary to make a 3 per cent solution of avertin was calculated. This quantitj- 
of distilled water was heated to -10 C., and the avertin was added from a 5 cc. 
pipet graduated in 0.1 cc. The mixture was agitated until solution was complete, 
and immediateh- injected. 

With the dog held on his side by an assistant, a 30 French soft rubber catheter 
was inserted from 7 to 10 inches into the rectum. To the free end of the tube was 
attached a glass syringe with a capacity of about 30 cc., and wth a tapering nozzle 
which fitted snugly into the tube. This syringe was used as a funnel ; the rubber 
bulb was used merely to start the flow and to overcome any mechanical blockage, 
such as feces, in the orifice of the tube ; the fluid was allowed to run in by gravity, 
with the syringe held not more than a foot higher than tlie anus. 

If only avertin was being given, the tube was withdrawn as soon as all the 
fluid had been injected; if ether was to be injected, the tube was left in place and 
clamped, and after an interval of from ten to twenty minutes, the syringe was 
filled with oil-ether, the clamp removed, the injection completed, and the tube 
withdrawn. In one case, when anesthesia of long duration was required, the tube 
was left in place after injection of the first dose of ether; four hours later, when 
the dog began to move, a second dose of ether was injected, with prompt deepening 
of the anesthesia. 

The ether solution used for these experiments was made up fresh for each dog; 
the calculated amount of ether was measured out, and half that amount of albolene 
was added. The mixture was not heated, but was shaken to insure thorough mix- 
ing, and injected at room temperature. 

The addition of morphine to the technic obviated what had previously been the 
most serious difficulty, namely, forcible expulsion of the oil-ether mi.xture ; but with 
the larger quantities of solutions injected there was frequently a leakage through 
the relaxed anus. This could be fairly well controlled by pressure on a folded 
gauze pad placed over the anus ; if a tendency to leakage persisted more than a 
few minutes, pressure was continued by leaving the pad in place, pulling the tail 
forcibly forward between the legs, and clamping the hair of the tip of the tail to 
the hair of the abdomen. * 

Anesthesia was considered to have begun as soon as the dogs fell asleep, usually 
from three to five minutes after the injection of avertin. It is true that surgical 
anesthesia does not begin as soon as a dog falls asleep, but only after an inten-al 
of from ten to twentj- minutes of deepening narcosis ; as stimulation during this 
period is known to hinder and delay the development of deep narcosis, it was 
assumed that less error would be introduced by taking the time when the dogs fell 
asleep than by determining the actual onset of surgical anesthesia by repeated 
painful stimuli. 

Anesthesia was considered to continue until application of a Kochcr clamp to the 
skin of the flank evoked a definite response. The first response was usu.ally a 
lifting and turning of the bead toward the clamped flank. The movement was 
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uncertain and slow, and the effort was usually abandoned after a second or two. 
Occasionally, dogs began to move spontancoiisl}'^ before they responded to the clamp; 
in these cases, the time that movement began was considered to mark the end of 
anesthesia. In actual operation, supplemental anesthesia would not be required 
for some time after this point, as the dogs remained stuporous for a considerable 
period, particularly after the larger doses, and in a few instances relapsed into 
complete anesthesia from which painful stimuli did not arouse them. 

Comment on Technic . — Adoption of this technic resulted in immediate success. 
Ether was retained almost invariably (expelled twice in twenty-si.x experiments), 
and increasing doses up to a maximum of 9 cc, per kilogram were successfully 
given. 

An interesting question raised by the use of this large dose of morphine was 
whether in the presence of such a stupefying dose any subsequent procedures could 
lead to valid conclusions. 

One fact pointing toward the affirmative answer was that an hour after injection 
of morphine, the dogs, though decidedly sleepy, could easily be aroused, and 
seemed only slightly more narcotized than man}' human patients who have had 
ordinary preoperative medication. 

I took as the final criterion the pragmatic test, and found that, except in the 
higher ranges, increases in dosage of avertin or ether, or both, caused fairly con- 
stant increases in the duration of anesthesia. 

Beckman, using oil-ether rectal anesthesia in dogs, with and without morphine, 
also concluded that morphine in this dosage does not invalidate the results. 

In connection with the injection of morphine, it is of interest that while saliva- 
tion was fairly common, vomiting or defecation was the exception rather than the 
rule, even in dogs that were receiving morphine for the first time. 

Results with Small Doses . — Having overcome the difficulty caused 
by expulsion of the ether solution, I carried out a group of experiments 
using small quantities of avertin (0.1 Gm. per kilogram), followed 
either by no ether or b}' ether in doses of from 1 to 2 cc. per kilogram 
(see table 2). 

These experiments demonstrated that addition of ether in doses of 
1 cc. per kilogram produces a slightly but definitely longer period of 
anesthesia than avertin alone, and that a dose of 2 cc. of ether per kilo- 
gram causes a marked prolongation. Five dogs received this dose, i. e., 
avertin, 0.1 Gm. per kilogram, followed by ether, 2 cc. per kilogram. 
The minimum length of anesthesia obtained was one and three-quarter 
hours; the ma’ximum three and one-half. It is of interest that the dog 
which remained anesthetized for three and one-half hours was subjected 
to a gastric resection and bilateral vagotomy, the operation lasting two 
and three-quarters hours. During the last hour of the operation, the 
dog made occasional slight movements, but supplemental anesthesia was . 
not required, and ten minutes after the close of the operation he did not 
respond to a Kocher clamp applied to the flank. 

Margin of Safety . — After this combination rectal anesthetic had 
been demonstrated to produce in dogs a measurably longer period of 
anesthesia than avertin alone, determination of the margin of safety 
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was next in order. P'or tin's purpose I took three dogs which had been 
used in previous experiments, one of them many times, and gave to one 
increasing doses of avertin alone; to tlie second, increasing doses of 
ether witli a constant preliminar}- dose of avertin, and to the third, 
increasing doses of both avertin and ether. The results obtained are 
shown in table 2. 

Lethal Dose . — There were no fatalities. The nearest approach to 
a lethal dose was avertin 0.9 Gm. per kilogram. In this case the deg 
was deeply anesthetized at midnight, thirteen hours after the adminis- 
tration of avertin, with greatly depressed respirator}^ and cardiac rates 
(respiration, 10; heart rate, from 42 to 46 per minute). At 8 a. m. 


Table — E.r^cnmciits on Dogs zuith Morphine (10 Mg. per Kilogram), zvith 
Avertin and zvilh Averiin-Ether 


-Avertin 
in Gm. 
per Kg. 




Ether in Cc. per Kilogram 

A 




0 

1 

2 

3 

4 

5 6 

7 

8 

• 9 

0.1 

% 

% 

1% 

iVi 

U 

% 

1% 

2 

1% 

o 

3 

31^ 

o 

2% 

3 

4 % 

4 

4% 

6 

(divided 

dose) 


S’A 

7 

0.2 

2y. 




3 





0.3 

2 




.. 

5 

.. 



0.4 

3t4 





6% 




0.5 

0.6 

4 

6 

7% 

4% 





6 

4 % 

5 


0.7 

4 % 




•• 





o.s 

3 % 





.. 




0.9 

13-20 




.. 

.. 





(see text) 


Figures represent duration of anesthesia in hours. 

the next day he was rolling around the cage in a groggy and unco- 
ordinated manner. This depressed mental and physical condition per- 
sisted all day, but on the following morning he was alert and active, and 
seemed completely recovered. The dogs which received avertin plus 
ether showed no alarming respiratory or cardiac depression, and when 
the experiments were stopped because the volume tolerance of the dogs’ 
rectums had just about been reached, the doses seemed to be well below 
the lethal amounts. 

Ether in Divided Doses . — In one instance, when anesthesia was 
required for a long blood-clotting experiment, I gave ether in divided 
doses, with good results. The dog was anesthetized with avertin, 0.1 
Gm. per kilogram, plus ether. 3 cc. per kilogram. .At the end of four 
hours, the anesthesia was beginning to wear oft. but injection of an 
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additional 2 cc. of ether per JdJograin caused prompt deepening of the 
anesthesia, which lasted for two hours more. 

Comment on Results. — The inconstancy of the results with very 
large doses may be accounted for in two ways. In the first place, the 
actual quantities of fluid required are tremendous, comjjared to the size 
of the dog. For instance, the dog which received jivertin, 0.6 Gm, per 
kilogram, and ether, 8 cc. per kilogram, weighed 14.4 kilograms. Conse- 
quently he was given 4.3 cc. of morphine sulphate solution, 288 cc. of 
avertin solution and 173 cc. of oil-ether mixture. The magnitude of 
these figures (461 cc. injected rcctally into a dog weighing 14.4 kilo- 
grams) may best be realized b}'- multipl34ng both figures by five; that is, 
this is equivalent to giving a 2,300 cc. retention enema to a 72 kilogram 
(158.4 lb.) adult human being. In these ranges, there is naturall)'^ some 
leakage, even with compression of the anal region ; this particular dog 
lost a quantity of avertin solution estimated at 15 cc. (a little over 5 
per cent of the total amount injected) and about 5 cc. of the ether 
solution (about 3 per cent). Leakages in the other experiments were 
of about the same magnitude. 

The more important factor, I believe, was the tolerance acquii’cd by 
the dogs to moi'phine and, possibl)% to avertin. Previous experimentors 
have concluded that avertin given repeatedly neither produces tolerance 
nor has a cumulative effect. M)'^ results agree with the latter, and the 
former is certainly not disproved, in view of the well known fact that 
tolerance to morphine is readily produced. I did not perform the 
critical experiment of habituating a dog to morphine and then giving 
him avertin. 

I did, however,' wish to check my results with the larger dosages 
on fresh dogs. Two dogs were obtained which had never been sub- 
jected to avertin, and after the usual dose of morphine, were given 
avertin, 0.5 Gm. per kilogram. The anesthesia obtained lasted six hours 
in one dog and seven and one-half in the other, as compared with four 
hours in the habituated dog. One of these dogs was then given avertin, 
0.7 Gm. per kilogram, with anesthesia lasting only four and one-half 
hours, as against five and one-lialf hours in the habituated dog. The 
other was given avertin, 0.5 Gm. per kilogram plus ether 5 cc. per 
kilogram. Anesthesia in this case lasted six hours. 

These four experiments gave definitely inconstant results, and raised 
the question whether the colonic distention caused by these large quan- 
tities of fluid does not introduce error by preventing absorption of a 
good proportion of the injected drugs. At any rate, these doses seem 
well within the fatal limits. 

One additional factor which ma)’^ have had a Ijearing on the lack ol 
uniformity when different dogs were used is that larger dogs seem to 
be more affected by the preliminary morphine, and possibl}' also by the 

other drugs- 
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Typical protocols follow : 

Experiment 105, 2-26-32 

Morphine, 10 mg. per Kg. 

Dog 536 10 Kg. Avertin, 0.1 Gm. per Kg. 

Ether, 5 cc. per Kg. 

12:25 p. m. Morphine injected 
2:10 Avertin injected 

2 : 13 Asleep 

2:27-2:30 Ether injected; 5 cc. ri: lost 
3 : 00 Deep anesthesia 

3 : 30 Deep anesthesia 

3 : 50 Deep anesthesia 

4 : 10 Deep anesthesia 

4 : 30 Deep anesthesia 

5 : 00 Deep anesthesia ; drawing up of hind legs with each inspiration 

3 : 20 Same 

5 : 35 Same 

5 : 55 Same 

6 : 10 Same 

6:25 Same 

6 : 35 Rouses at noise ; slow response to Kocher 

Anesthesia for 4y^ hours 
Experiment 112, 3-11-32 

Morphine, 10 mg. per Kg. 

Dog 447 13.8 Kg. Avertin, 0.4 Gm. per Kg. 

Ether, 6 cc. per Kg. 

10 : 35 a. m. Morphine injected 
12:12-12:15 Avertin injected 
12 : 15 Asleep 

12:23-12:31 Ether injected; 10 cc. ±: lost 
12 : 25 Deep anesthesia 

2 : 00 Deep anesthesia 

3 : 05 Deep anesthesia 

4:15 Deep anesthesia 

5 : 00 Deep anesthesia 

5 : 35 Deep anesthesia 

6 : 00 Deep anesthesia 

6 : 20 Deep anesthesia 

6 : 30 Deep anesthesia 

6 : SO Slow and feeble response to Kocher 

Anesthesia for 6l4 hours 

Autopsy. — The three dogs which had been used for the increasing 
dosage experiments were killed, and autopsies were performed. One 
of these animals had had twelve injections of avertin without morphine 
and twelve injections with morphine in the course of eleven months. 
The other two dogs had been used fourteen and ten times, respective! v. 

In no case were gross lesions found in the liver, kidneys or rectum, 
^licroscopic sections were made of these organs in all three dogs. I 
could find no histologic lesions in any section, nor could Dr. A. Purdy 
Stout of the department of surgical pathology. 
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COMBINATION ANESTHESIA IN OPERATIONS ON THE DOG 

Combination avertin-ether rectal anesthesia can be used to advantage 
in certain surgical procedures on the dog, particularly for long opera- 
tions or experiments. I used it successfully for two abdominal 
operations, one bronchoscopy and one long experiment in blood-clotting. 
Avertin alone (from 0.1 to 0.2 Gm. per kilogram), with preliminary 
morphine medication, is undoubtedly sufficient for bronchoscopies and 
other procedures requiring comparable depth and duration of anes- 
thesia. 

The advantages of avertin-ether rectal anesthesia are: (1) the 
length of anesthesia induced by small doses, (2) the fact that no 
inhalation anesthesia is necessary and (3) the typically smooth course 
of the anesthesia, with no struggling and little or no salivation. 

The dose recommended for routine administration is avertin 0,1 
Gm. per kilogram, followed by ether, from 2 to 3 cc. per kilogram, given 
according to the technic outlined. 

Disadvantages of this anesthesia in dogs are; 1. The dog must be 
weighed and morphine injected from one and one-fourth to one and one- 
half hours before the operation is to be begun. 2. The anesthetic solu- 
tions must be made up carefully and injected from twenty to thirty 
minutes before the operation. 3. Morphine and, particularly, avertin 
are expensive drugs. While these factors will preclude routine use of 
this anesthesia in most laboratories, I feel that it has a field of definite 
usefulness. 

There were two failures in giving this anesthesia for operations. 
In one case, the dog had colitis due to distemper, which I should have 
considered a definite contraindication, except that the distemper in his 
respiratory tract made inhalation anesthesia seem even less feasible. In 
this dog, the usual doses produced no anesthesia at all. In the other 
dog, anesthesia was successful until the operator- exposed and manip- 
ulated the nerves in the region of the knee joint. The anesthesia was 
not deep enough for this procedure, and ether inhalation had to be 
instituted. 

COMBINATION ANESTHESIA IN SURGICAL PROCEDURE ON MAN 

I have had no clinical experience with this combination. York has 
used it in over one hundred cases, including a number of thoracoplasties, 
and reports in a personal communication a lower mortality than he 
would expect in a similar group of cases with other anesthetic agents. 
He gives the usual dose of avertin (from 60 to 100 mg. per kilogram), 
and follows this with from 30 to 60 cc. (1 to 2 ounces) of ether. He 


.S. York. Arthur J. : Personal communication. 
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has also given ether in divided doses with success. Further cautious 
clinical trial seems warranted, in view of the experience of York and 
Schork and of the e.xix^rimental work here presented. 

SUM. MARY 

In albino rats, rectal injections of avertin followed by oil-ether gave 
a definitely longer period of anesthesia than avertin alone. 

Similar procedures were carried out in dogs, and a successful tech- 
nic evolved. As in rats, the combination of avertin and ether gave a 
longer period of anesthesia than avertin alone. 

The margin of safety seemed to be wide. No dog died, in spite of 
doses at least three times as large as the effective anesthetic dose, which 
is considered to be avertin, 0.1 Gm. per kilogram, followed by ether, 
from 2 to 3 cc. per kilogram. 

Autopsies on three dogs which had been subjected to many anes- 
thesias failed to reveal any gross or microscopic pathologic condition 
in the kidneys, liver or rectum. 

This combination anesthesia is recommended for use in surgical pro- 
cedure on dogs in selected cases. Its use in man, as advocated by York 
and Schork, is considered. 


CONCLUSIONS 

1. In the dog, combination avertin-ether rectal anesthesia gives a 
definitely longer period of anesthesia than avertin alone ; the procedure 
is safe; the lethal dose is at least three times the effective anesthetic 
dose. The clinical experience of York and Schork is thus corroborated 
experimentally. 

2. On the basis of both clinical and experimental experience a wider 
clinical use of this combination anesthesia seems advisable. 
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OSTEOMYELITIS 

Acute Osteomyelitis in Children . — Statistics from eight British hos- 
pitals supported Wakeley’s contention that acute osteomyelitis was a 
disappearing disease. He suggested that the decrease of incidence was 
due to better hygiene and the earlier removal of possible septic foci. He 
questioned the general belief that trauma played an important part in 
the causation of the disease. Early drainage was indicated in all cases, 
a trephine being used at first in the juxta-epiphyseal diaphysis. The 
efficacy of multiple drill holes as a means of instituting drainage was 
doubted. In late cases, in which the whole of the diaphysis was involved 
in the disease, diaphysectoni)' followed by bone grafting was advised. 
Fixation of the limb was considered to be necessary to rest the inflamed 
bone and eliminate pain. 

CHRONIC ARTHRITIS 

Treatment of Chronic Arthritis of the Spi)ic . — Swaim and Kuhns"® 
discussed the treatment of atrophic arthritis of the spine. Five essen- 
tials of treatment were considered: (1) early diagnosis, (2) arrest of 
the general disease as quickly as possible, (3) improvement in the 
motion of the ribs, (4) correction of the forward droop of the spine and 
(5) improvement of the jiaticnt’s general health. 


25. Wakdey, C. P. G.: Brit. M. J. 2:752, 1932. 

26. Swaim, L. T., and Kulins, J. G. : Arch. Pliys. Therapy 13:517, 1932. 



Kunxs liT AL.— ORTHOPEDIC SURGERY 


971 


Permanent cure came only slowly. The rapid improvement some- 
times seen with the use of drugs or vaccines was usually not permanent. 
Important measures, such as proper diet, intestinal regulation, endocrine 
therapy (occasionallv) and correction of faulty bod}’ mechanics, needed 
to be followed for many months to have a permanent beneficial effect. 
Emphasis was placed on the importance of increasing vital capacity and 
the respiratory expansion of the ribs. \\ itbout this expansion of the 
ribs, death from pneumonia was frequent. Rest was an important factor 
in conquering the disease. Restoration of the normal curves of the back 
and improvement in general body mechanics was brought about by 
exercises, and a gradual correction of the forward flexion of the spine 
by means of supporting plaster shells and bed positions. No rapid 
corrections or manipulations were attempted. Improvement in the posi- 
tion of the spine and thorax was accompanied by improvement in the 
patient’s general health and resistance. Patients were kept in bed until 
all pain and muscle spasms had subsided. Gentleness was the keynote 
of all therapeutic exercises. Involvement of the hips presented the 
serious and intractable features' of the disease. Once the arthritis had 
become firmly established in the hip, it usually went on to ank}’losis, 
and little could be done except to prevent deformity. 

CIRCULATOR'V DISTURBANCES OF THE EXTREMITIES 

General Care of Peripheral Vascular Disease.— Reid stressed cer- 
tain practical points in the care of peripheral vascular disease and empha- 
sized particularly the importance of intelligent cooperation on the part 
of the patient in carrying out treatment of these conditions. The 
position of maximum circulation for the affected part should be deter- 
mined in each case. Too much elevation often encouraged the 
development of gangrene. The necessity of keeping the skin soft and 
the extremit}’’ warm, and the avoidance of trauma weie mentioned. 
The Buerger exercises carried out consistently and the maintenance of 
an adequate fluid intake were recommended. The author advised doing 
amputations between two tourniquets in cases of infected or gangrenous 
extremities. 

[Ed. Note. — The article is well written and practical; while con- 
taining nothing particularly new, it does summarize well the important 
points in the care of these patients. It should be read by all physicians 
interested in surgery of the extremities.] 

Quantitative Determination of Vasoconstrictor Spasm. Morton and 
Scott emphasized that before a decision is made as to the t}pe of 

27. Reid. B. : .Ann. Surg. 96:733, .1932. 

28. Aforton, T. J.. and Scott. W. .T. M.: .Ann. Sur?. 96:754. 1932. 
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treatment to be applied in a particular case of peripheral vascular disease, 
it is first necessary to determine whether the complaint is due to a 
failure of the blood supply, and secondarily whether this failure is 
due to organic occlusion or to sympathetic vasoconstriction or to a 
combination of these. Observations were made on normal persons and 
on persons suffering from vascular disease to determine the vasodilata- 
tion level. They found the most convenient method to be the conduction 
nerve block. In selected cases, lumbar or cervical sympathectomy was 
considered advisable, if b}’’ the nerve block test it could be established 
that vasodilatation could be produced, the surface temperature raised 
and spasm relieved. The establishment of collateral circulation was 
considered an important result of sympathectomy. 

Sympathetic Gmiglioncctomy and Trunk Resection in Circulatory 
Disturbances. — Mayo and Adson wrote extensively concerning the 
surgery of the sympathetic nervous system, and reviewed the anatomy, 
historical facts and the surgical technic of the operative procedures. 
The operation of sympathetic ganglionectomy as applied to Raynaud’s 
disease, thrombo-angiitis obliterans and scleroderma was presented, and 
the results in a large series of cases recorded. 

[Ed. Note. — ^This article gives an excellent summary of the operative 
procedure and its clinical applications.] 

BONE AND JOINT SURGERY 

Whitman’s Reconstruction Operation on the Hip Joint. — Lowen- 
dorf based his remarks on a study of the end-results in 15 of 18 cases 
in which the Whitman reconstruction operation had been done. The 
indications for the operation were: (1) ununited fracture of the femoral 
neck, (2) old slipped epiphysis, (3) pathologic dislocation of the hip 
and (4) osteo-arthritis or traumatic arthritis of the hip. The ideal 
result obtainable was a movable, painless and stable hip. Good results 
were obtained in 11 of the 15 cases. The operation was done in 8 of 
these for nonunion of the femoral neck. Good results were obtained 
in all cases of this type. Operation was performed in the other cases for 
arthritis. The conditions in the 4 cases in which poor results were obtained 
were : osteo-arthritis, old suppurative arthritis, generalized arthritis and 
Charcot’s joint. In 14 cases, the average flexion contracture was 14 
degrees and the range of flexion 67 degrees, approximately 20 degrees 
abduction and 20 degrees adduction. Stable hips were obtained in 14 
of the 15 cases. Pain was relieved in 12 cases. 


29. Atayo, W. J., and Adson, A. W., Ann. Surg. 96:733, 1932. 

30. Lowcndorf, C. S. : .4m. J. Surg. 18:64, 1932. 
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MISCKIXAXEOCS 

Cerebral Injuries at Birth. — Phelps^' advised a careful study of 
cerebral injurv at birth from the social, mental and physical standpoint, 
before outlining any form of treatment. For the study of the ph)^sical 
side, he found motion pictures of great value. He discussed dys- 
kinesia” under the headings of (1) spasticity, (2) athetosis, (3) orerflmv 
of “s3-nkinesia,” (4) incoordination or ataxia and (5) tremor. The prin- 
ciples of treatment were: (1) relaxation, which was very essential before 
any progress could be made, (2) strengthening exercises and (3) recip- 
rocal motions, to he gained only after relaxation had been accomplished. 
(4) Active stretching exercises were useless. (5) Surgical intervention 
should be considered only after the aforementioned prehminarj^ forms 
of treatment had been tried. The various operati\e procedures, suci 
as tendon division and nerve resections, were discussed. 

Angle of GoiV.— Morton examined the angle of gait of 147 natives 
of Central Africa (87 men, 30 women and 30 children), and found that 
the natural angle of gait was 7.5 degrees of out-toeing. This finding 
corresponds closely with those of Dougan and Patek, who ma e simi ar 
Studies on college men and women, but is contrar} to the i eas o some 
orthopedic surgeons who teach patients that toeing in or ^^a "ing ^\ltl 
feet directly fonvard is the ideal. The author analyzed the benefits of 
two functional elements in the mechanics of stride. (1) latera - 

effected bj* widening the position of the feet, i. e., toeing out, an ( ) a 
fonvard thrust from behind the moving centen of body weight broug i 
about by having the heels placed more closely together. 

Glycine Treatment for Progressive Muscidai Dystiophy. The 
creatine-creatinine excretion and the tolerance to creatine were studied by 
Milhorat"" in cases of muscular dystrophy. He obsen^ed that the feed- 
ing of glycine with or without phosphate raised the elimination of 
creatine in 14 cases of progressive muscular dystrophy. No increase in 
the elimination of creatine was observed in secondarj^ muscular atrophies. 
Consequently, the feeding of glycine sen’cd as a differential diagnostic 
measure between primary and secondary degeneration. Under this 
treatment, the author found rapid improvement in the muscles not 
seriously atrophied with later less rapid progress. Histologic evidence 
of muscular tissue from 3 patients was difficult to interpret. Muscu ar 
fibers were either quite atrophied or entirely normal. No middle stages 
were observed. 

[Ed. Note.— A n easily available inexpensive source of glycine is 
gelatin.] 


31. Phelps, W. M.: J. Bone & Joint Surg. 14:773. 1932. 

32. Morton, D. J. : J. Bone & Joint Sure. 14:741. 1932. 

33. Milhorat, .A. T. : Deutsches .Arch. f. klin. Med. 174:487. 193.i 
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Ruptures and Tears of Muscles of the Lozver Extremity. — Fifteen 
cases of ruptured muscles in the lower extremity were reported by 
Gilcreest.^^ There was a histoiy of trauma in all the cases. In only 2 
was the trauma trivial enoug^h to cause comment; A woman of 35 
ruptured the quadriceps femoris tendon while bending over with the 
knees flexed. Another patient ruptured the plantaris when stepping off 
a street car. Ruptures of the vastus internus quadriceps tendon, rectus 
femoris, patellar ligament, semitendinosus, inner head of the gastroc- 
nemius, achilles tendon and plantaris were reported. The author con- 
cluded that partial or complete ruptures of the muscles and tendons of 
the leg occurred more often than was generally supposed. Articular 
symptoms, particularly in the knee, might mislead one in making a diag- 
nosis. Earl}'’ surgical repair gave good results. The prognosis was good 
if proper treatment was given early. 

Pneiimoroentgenograni of the Knee Joint. — With the aid of a pneu- 
mothorax apparatus, Schum was able to inject from 60 to 200 cc. of 
unfiltered air into the knee joint. The joint puncture was usually made 
under local anesthesia, lateral to the patella, and air was not injected 
until the operator was sure that the needle was free in the joint. To 
test this, if there was any doubt, some salt solution was first run through. 
This was done to avoid air emboli, the major danger in this procedui'e. 
The resultant roentgenograms, taken stereoscopically, anteroposteriorly 
and laterally, were most interesting and often of much clinical value. 
Especially interesting were pictures taken in lesions of the lateral liga- 
ments. Lesions of the menisci often were recognizable, but findings 
were used only when positive. In 54 cases clinical and roentgenographic 
findings pointed to injuries of the meniscus ; in 88.7 per cent of these 
the conditions were found to have been correctly diagnosed when 
checked at operation. Of the remaining 11 per cent (6 cases), the diag- 
nosis in 3 cases was indicated in any event by the demonstrable presence 
of free bodies and injuries to the fat pad, while in 3 cases pneumo- 
roentgenography definitely failed to be of value. No trouble was encoun- 
tered in performing the injection of air 114 times on 98 patients. A 
sense of fulness was usually experienced when the joint was properly 
filled, but no general symptoms appeared. The needle was left in place 
during the taking of the roentgenograms to avoid subcutaneous emphy- 
sema. After roentgen exposures were completed, the air was gently 
massaged out. Some clinical improvement was noted in some cases 
simply as a result of the distention. 

34, Gilcreest, E. L. : Ruptures and Tears of Muscles and Tendons of I.ower 
Extremit}' : Report of Fifteen Cases, J. A. if. A. 100:153 CJan. 21) 1933. 

35. Schum, H. ; Deutsche Ztschr. f. Cliir. 238.T, 1933. 
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Oslcochoiulrilis Nccrol icons “I'inclcns” (Dh’idcd) of the Sesamoid 
Bone of ih^c First Metatarsal. — Kininicl.slicl and liis co-workers ““ pre- 
sented a careful study of 35 eases of this not unusual syndrome. Roent- 
genograms and sections revealed changes similar to those seen in 
osteochondritides. Clinically, pain under the joint of the big toe of 
varied duration and intensity was the outstanding complaint. Only 
seldom was the onset aente. In only 3 cases was sudden trauma an 
apparently definite factor. On examination, local tenderness and pain 
on hyperextension of the toe were marked. Occasionally swelling existed. 
Static deformities of the feet were often found. The roentgen findings 
were most significant; disintegration, changes in form, vacuolation, 
sequestrum formation and loss of normal trabecular structure might be 
seen. Frequently portions of a sesamoid up to one-third its volume 
were seen as free bodies. Conservative pad support and physical ther- 
apy gave relief in most of these cases. Roentgen findings in one case 
did not appreciably change in one and one-half years. To demonstrate 
the sesamoid changes best, the authors placed the patient in a prone 
position. The big toe was strongly dorsiflexed, placed on the film, 
and the x-rays were projected from the dorsal aspect. The interpreta- 
tion of the pathologic process in terms of causation was difficult, but 
there was evidence suggesting the effect of gradual, repeated traumas 
as the probable cause. In one specimen, arthritis of the joint was present 
as well. Removal of the affected sesamoid was easily accomplished. 
When conservative therapy was not successful, removal of the sesamoid 
through a plantar incision Avas indicated and led to rapid cure. No ill 
effects were noted in consequence of its excision. 

[Ed. Note. — Pain referable to the sesamoid is rare, and excision 
of the sesamoid is rarely justifiable in the experience of the editors.] 

Study of the Blood Supply of the Ligamenfum Teres and Its Relation 
to Circulation of the Head of the Femur . — Chandler and Kreuschner 
studied 114 round ligaments from 68 cadavers, the average age of Avhich 
AA'as 48 years. In all but one of the ligaments they found blood vessels 
which branched in the femoral head. In any surgical operation on the 
^dp, preservation of the intact round ligament Avas considered most 
important. 

Circulation of the Head and Neck of ' the Femur. — Fort 3 r-one cases 
of intracapsular fracture of the neck of the femur Avere studied by 

36. Kiminclstiel, P. ; Krcmgcr, K., and Richter, H. : Arch. f. klin. Chir. 172: 
*^03, 1932. 

3". Chandler, S. B., .and Kreuschner, P. H.: T. Bone & Joint Surg. 14:834, 
1932. 
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Wolcott.®® The cases with nonunion showed increased density of the 
head by roentgen examination. In addition early (time intervals were 
not given) absorption of the femoral neck was noted. This continued 
until the entire neck had disappeared. Four patients were operated 
on, and the ligamentum teres removed for examination. In all cases 
microscopic sections showed patent blood vessels in the ligamentum 
teres. The ages of the patients were 60, 72, 76 and 63. Blood supply 
through the ligamentum teres was therefore considered to be a definite 
factor in maintaining the nourishment of the femoral head. Conse- 
quently, operations on the hip joint should be designed and carried out 
in such a way as not to disturb or injure the vessels coming through 
the ligamentum teres. The author was careful to state that the femoral 
head had other sources of nourishment and that other factors besides 
circulation entered into the production of nonunion. 

Production of Increased Compression Strength of Bone. — Using a 
special machine which measured the compression strength of bone, 
Ross showed that the operations carried out by Barth and Archibald 
to increase the strength of bone in cases of juvenile osteomalacia and 
fragilitas ossium were not effective. The operations consisted of remov- 
ing subperiosteally longitudinal segments from the long bones, grinding 
or rongeuring these and placing them in the marrow cavity. Ross 
showed, however, that if detached strips of muscle were placed in the 
marrow cavity, deep to the fragmented bone, that the strength of the 
healed bone was enormously increased, in 1 case over TOO per cent. 
Histologically, the muscle was found to have been replaced by bone, 
with a consequent final thickening of the cortex. At least four months 
were required for the development of the extra strength. 

Calcareous Deposits in the Supraspinatus Tendon. — Seven cases in 
which operation was done for calcareous deposits in the supraspinatus 
tendon were described by Emslie.'*® In three of these, small cavities 
were found in the head of the humerus. Examination of 162 mg. of 
the ash of one of the deposits demonstrated the composition to be 
116 mg. of calcium phosphate, 15 mg. of calcium carbonate and 31 mg. 
of undefined ash. All cultures taken at operation were sterile. The 
most characteristic finding was tenderness over the tip of the shoulder. 
Total extirpation, with curetting of the cavit)', if present, was advocated, 
even if this entailed the opening of the shoulder joint. The approach 
was by retracting the anterior border of the deltoid muscle. 

3S. Wolcott, W. E. ; Circulation of the Head and Neck of the Femur ; Its 
Relation to Nonunion in Fractures of the Femoral Neck, J. A. M, A. 100:27 
(Jan. 7) 1933. 

39. Ross, D. : Brit. J. Surg. 20:337, 1932. 

do. Emslic, R. C.: Brit. J. Surg. 20:190, 1932. 
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Aniigrozctit Principle Dcrk'cd from Parathyroid Extract. — By inject- 
ing an extract of parathyroid gland from which the blood calcium- 
raising principle has been removed into various experimental animals, 
Robinson and Thompson showed that a great retardation of growth 
was brought about. The retardation was approximately equivalent to 
the quantity of extract given. In some cases tolerance was developed. 
The antigro\\i;h principle was not isolated, but some information was 
obtained relating to its properties. 

FRACTURES 

Colics’ Fracture. — Three years of experience in treating Codes’ frac- 
tures with plaster -0 f-paris fixation for five weeks, as advocated by 
Bohler, convinced Platt ■*- that nothing was lost in either the function 
or the nutrition of the part by the elimination of physical therapy, and 
that the risks of recurrent deformity were minimized. 

[Ed. Note. — This is an interesting point of view. The editors 
believe that physical therapj' still has a place in the treatment of Codes’ 
fracture.] 

Treatment of Fractures in the Light of Their Ischemic Complica- 
tions.- — Girdlestone discussed ischemic complications of fractures and 
divided them as follows : ( 1 ) V olkmann’s ischemic contracture, the 
result of sudden localized pressure; (2) an ischemia due to relatively 
prolonged and widespread contraction and disuse, occurring character- 
istically in older patients and due to a localized sympathetic dysfunction, 
and characterized by swelling, coolness and stiffness of the part; (3) 
ischemia at the site of a fracture, as in the case of the carpal scaphoid, 
the femoral neck and sometimes the long bone, designated by the author 
as traumatic arterial ischemia. The treatment of each was discussed, 
i- 6. : (1) early recognition of a Volkmann’s contracture, and fascial 
decompression if necessary; (2) avoidance of too prolonged fixation, and 
(3) accurate reduction and efficient fixation followed by proper forms 
of physical therap}-^ to improve circulation to the part, and improvement 
of the local sj-mpathetic response. 


RESEARCH 

Studies on Tendon Repair. — ^Mason and Shearon,'*^ in an exhaustive 
experimental study of tendon repair in dogs, found that within one 

41. Robinson, M. H. B., and Thompson, J. H. : J. Physiol. 76:303, 1932. 

42. Platt, H.: Brit. M. J. 2:2SS, 1932. 

43. Girdlestone, G. R. : J. Bone & Joint Surg. 14:755, 1932. 

44. Mason, M. L., and Shearon, C. G.: Progress of Tendon Repair; Experi- 
Micntal Study of Tendon Suture and Tendon Graft, .-Vreh. Surg. 25:615 (Oct.) 
1932. 



978 


ARCHIVES OP SURGERY 


week after suture of the tendon a fairly firm union was affected by 
proliferation of sheath tissues. This was gradually invaded and replaced 
by proliferation of the tendon cells themselves, a minimum of two weeks 
being required to establish firm union. They concluded that in suture 
of the tendon the sheath should be carefully closed, if possible. Accurate 
end-to-end approximation of the ends of the tendon was important, and 
defects should be bridged by free tendon grafts with their sheath tissue 
intact rather than by fascia, which tended to stretch. Movements might 
be begun on the fifth or sixth day, but no strain should be placed on the 
tendon before the third week. 

Repair of Articular Cartilage . — ^In the joints of normal adult dogs, 
Bennett and Bauer produced defects in the articular cartilage ; in 
some they displaced the patellae so as to cause abnormal friction. They 
also studied the effect of disarticulation of the joint on the cartilage. 
The joints were studied at intervals of four, twelve, twenty-two and 
twenty-eight weeks. Their conclusions were: 1. Cartilage had a lim- 
ited ability to repair aseptic lesions within its substance by independent 
regeneration of cartilage, and the repair was more perfect over the 
mesial femoral condyle than in the patellar groove. 2. Portions of 
cartilage excised from the joint and later returned to the joint cavity 
were usually walled off by fibrous tissue and removed from the joint 
space. 3. In the cases in which defects extended into subchondral bone, 
and in the joints in which the patellae had been displaced, the reparative 
changes passed through stages of fibrous tissue and fibrocartilage to 
the formation of an imperfect hyaline cartilage. In disarticulated joints, 
extensive atrophy with pannus formation over the joint cartilage devel- 
oped, demonstrating the importance of proper apposition and weigbt- 
bearing of adjoining articular surfaces. 


45. Bennett, G. A., and Bauer, W. : Am. J. Path. 8:499, 1932. 
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RADIOSENSITIVITY OF TUMORS 

FRED \V. STEWART, M.D. 

KEW YORK 

The advent of radiation as a therapeutic agent in neoplastic diseases 
has stimulated an enormous amount of interest in the fundamental 
nature^ of the action of radiation on tissues in general and on tumors 
in particular. The actual intimate mechanism by which radiation pro- 
duces injury to cells is A’ague, and its elucidation must await prolonged 
biophysical analysis. On the other hand, much information is avail- 
able regarding the various types of cells or tissues which are especially 
susceptible to injur}'' by radiation, together with certain of the con- 
ditions under which the}' exhibit this susceptibilit}'. The histologic 
changes following irradiation have been abundantly described. Much 
of this knowledge has con'ie from the study of the behavior of tumors 
under radiation, and from these obseiT'ations on the behavior of 
tumors have been formulated certain generalizations which have been 
called laws of radiosensitivity. It must be realized that these laws are 
expressions of observed facts and not ultimate explanations of facts, 
and yet from a pragmatic point of view they constitute an increasingly 
valuable body of data for the clinician or pathologist interested in cancer. 

In the earlier days of therapeutic radiology it became apparent that 
the distinctly embr}'onal tumors were highly sensitive to radiation. On 
the morphologic side such tumors are composed of particularly delicate 
cells. The cytoplasm is delicate and rich in fluid content. Such cells 
lack a tough cell membrane. It is possible that they have a high meta- 
bolic rate, although little is known about comparative tumor metabolism. 
Prominent among such embr>'onal tumors are the embryomas of the 
testis and ovary, and the Wilms tumors of the nephrogenic anlages. 
With the differentiation of such tumors into the adult teratomas or the 
relatively adult renal tissues the radiosensitivity diminishes. The 
embryonal adenocarcinomas of the testis are distinctly more resistant, 
and fully developed adult teratoma is a resistant tumor. Is the differ- 
ence dependent on changes in the metabolic rate? Possibly, although, 
judging by the rate of growth, the metabolism of embryonal adeno- 
carcinoma of the testis is certainly high. The susceptibility of cmbtyonic 

From the Pathological Laboratorj’ of the Memorial Hospital. 

This paper was prepared at the request of the -'\mcrican Society for the 
Control of Qincer as one of a series of monographs on subjects of interest and 
importance to those engaged in the diagnosis and treatment of cancer. 
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tissues to various noxious agents in correlation with the particular 
metabolism of the injured region is well known (Stockard ^ and others). 
Small differences in the developmental age of biologic test objects may 
make enormous differences in the amount of radiation necessary to 
prevent further development. Henshaw and Henshaw " have shown, 
for example, that if it requires from 300 to 400 roentgens to produce 
a 50 per cent mortality in recently deposited Drosophila eggs during the 
cleavage and blastula stage, the necessary quantity rapidly increases to 
from 1,200 to 2,000 roentgens during the stage of gastrulation. 
Packard ^ has shown that if cell activity is depressed by lowering the 
optimum developmental temperature and hence the metabolic rate, the 
quantity of radiation necessary to kill is increased. Exposed at 23 C. 
it required a treatment of ten and one-half minutes to kill 50 per cent 
of Drosophila eggs. At 13 C. it required thirteen and two-tenths 
minutes, and at 28 C., but nine minutes. Strangeways and Fell * 
irradiated chick embryos and following the irradiation kept some in the 
incubator and others at 0 C. for five hours. They then made cultures 
from both and found that the cultures from the chilled embryos grew 
well, but that those from the incubated cultures grew little or not at all. 
They are of the opinion that sensitivity is lowered in the cold because 
the metabolic rate is lowered. Studies of this sort are of enormous 
general significance, and yet so little is known concerning the special 
metabolism of tumors that for the present they cannot be directly 
applied to explain the sensitivities of specific tumors. 

A high metabolic rate may be assumed for rapidly growing anaplastic 
tumors, but unfortunately not all such tumors are sensitive to radiation 
and some are highly resistant. Nor is one greatly assisted in the search 
for the explanation of the sensitivity of such tumors by their large 
number of mitoses. It seems certain that cells exhibit a heightened 
sensitivity sometime during the mitotic or premitotic period (Regaud,® 
Strangeways and Hopwood ® and Seide^), but in a tumor the number 
of mitoses varies from region to region and from section to section. 
Furthermore, no one knows the frequency and duration of the mitotic 
cycle, and observations have shown that tumors full of mitotic divisions 
may be either sensitive or resistant, depending on their fundamental 
nature. 
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Certain tumors seem to exhibit iniierent qualities of radioresistance, 
possibly related to marked resistance in the tissue of origin as, for 
example, in the neurosarcoma, glioma and melanoma groups. Assuming 
with the jMasson school the nervous origin of neurosarcoma (schwan- 
noma) and melanoma, it is easy to believe that these tumors are resistant 
because the}- develop from a resistant soil, yet this e.xplanation remains 
a hypothesis only. Ewing ® stated that “throughout the entire list of 
malignant and benign tumors one can trace the influence of the intrinsic 
properties of the cells of origin.” In fact, in the case of man}’ individual 
tumors the fundamental nature of the tissue of origin outweighs all 
other considerations when an attempt is made to estimate the sensitivit}’. 

One of the most important factors which is associated with resistance 
of tumors is the property or tendency of the tumor cells to excite 
desmoplastic reactions in the host. The question as to whether desmo- 
plasia causes a reduced sensitir-ity, or whether tumor cells which show 
some slowing down of their growth activity and hence probably of their 
metabolic rate permit the development of host tissue reactions — ^tlie 
radioresistance and the desmoplasia thus being two expressions of a 
single phenomenon — cannot be decided. Nevertheless, the practical 
significance of reduced radiosensitivity in the presence of fibrosis is 
unaltered. This question of fibrosis will be referred to later in the 
discussion of the actual histologic changes produced in tumors b}^ 
radiation. 

On the basis of histologic studies it is frequently noted that when 
portions of a tumor regress and other portions fail to vanish, the latter 
regions may be characterized by the presence of productive fibrosis. 
In many sensitive tumors, however, if studies are made during the 
period of rapid regression, isolated cells or cell islets may be found 
which fail to show necrosis (fig. 1). I have not been able to relate 
these living islands to local vascular conditions or to the state of the 
connective tissue with great uniformity and feel more inclined to asso- 
ciate them with inherent differences in the individual cell population. 
Packard ° has plotted from ^Vood’s data the mortality curves, show- 
ing the relation between the percentage of takes at transplantation of 
different animal tumors and dosage prior to transplantation. The curves 
show a fairly wide variation which may or may not be of the symmetri- 
cal type. Thus the threshold dose for the Fle.xner rat carcinoma is 200 
roentgens, and the full lethal dose, 2,200 roentgens. Twelve hundred 
roentgens kills 50 per cent of the tumors. In another instance (tumor 
8), one-half the cells are killed by 300 roentgens, but 1,500 roentgens 
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is needed to destroy all of them. The work indicates rather marked 
differences in the susceptibility of cells which to other intents and 
purposes seem quite uniform. The wide differences between the dose 
causing tumor regression and that necessary for the cure of disease are 
only too apparent in the field of cancer in human beings. 

It has long been known that severe anemia or cachexia is prejudicial 
to a normal response to radiation. Such observations form the basis 
for the belief that active circulation in the tumor is desirable for radio- 



Fig. 1. — Lymphosarcoma, radiosensitive. Pyknosis and rapid cellular disinte- 
gration following treatment. The distribution of necrotic cells is quite irregular. 


sensitivity, that the body reacts to radiation as a whole organism and 
that a constitutional element plays a definite role in a favorable response. 

Students of radiation have long held divergent views as to the 
mechanism by which radiation causes regression of tumors. Whereas 
few would deny the importance of the direct action of radiation on the 
tumor cell, opinions differ widely as to the importance of local changes 
produced in the tumor bed and also of general bodily changes. As 
regards the latter, I must admit that, after a review of a large literature 
on the subject, no safe conclusion may be reached either as to the 
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importance or even as to the very nature of these general bodily altera- 
tions. For a discussion of these matters the reader is referred to the 
critical review by Kuhlmann.^^ 

Certain investigators are inclined to minimize the importance of a 
direct action of radiation on the tumor cells. This attitude has been 
recently emphasized by Pullinger.^- She summarized tire effect of 
radiation somewhat as follows : The early changes consist of hyperemia 
and injury to the endothelium of thin-walled, ill supported vessels. This 
injurv' results in edema, desquamation of cells at the surface, throm- 
bosis, infarction, necrobiosis, e.xudation of serum, coagulation, extrava- 
sation of blood and trauma. She boldh' concluded tliat all effects 
following irradiation are related to vascular “stimulation” and vascular 
degeneration. Granting that these factors are undoubtedly of signifi- 
cance, I cannot see quite how tliey can be indiscriminately applied to 
all tumors if one is to explain tlie extremel}' variable responses to 
radiation. For example, Nemenow saw a lymphosarcoma the size of 
a man’s head vanish within eighteen hours after rather little radiation. 
At the jMemorial Hospital my associates and I have witnessed relief 
of dyspnea in certain mediastinal neoplasms follow the quantit}' of 
radiation used in fluoroscopy. Furthermore, tumors without tlfin- 
walled, ill supported vessels may be quite radiosensitive. At tlie Con- 
ference on Cancer held in London in 1928, Wood and Lacassagne 
drew quite opposite conclusions on the importance of vascular lesions in 
tumor regression. iMost pathologists find explanations for the obsen-ed 
histologic changes following irradiation by assuming effects botli on the 
tumor cells and on the tissue bed, the relative importance varj-ing with 
the tumor. Whereas there is essential agreement on the character of 
these histologic changes, different students place different emphasis on 
their relative importance. For elaborate descriptions of the tissue 
changes following irradiation the reader should consult the papers of 
Regaud and Lacassagne and Ewing.^* For a discussion of the prob- 
able physicochemical basis of irradiation tire paper of Femau is of 
interest. The latter emphasizes injuries to vessel walls and cell mem- 
branes, increased permeability of vessel and cell walls, alterations in 

11. Kuhlmann, B. : Strahlentherapie 19:817, 1925. 
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18. Fernau, : Strahlentherapie 19:142, 1925. 
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hydrogen ion concentration and osmotic pressure, clianges in the rate 
and character of diffusion between blood and tissues, variations in sur- 
face tension, viscosity and changes of tissue colloids, flocculation of 
albumin-lipoid complexes, oxidative disturbances and disturbances in 
other chemical processes. After considerable discussion Fernau was 
forced to the conclusion that “aus all diesen Ausfiihrungen ersieht man, 
dass wir trotz aller Bemiihungen fiber den Mechanismus der Strahlen- 
wirkung, keine sichere Kenntnis haben” (from all these explanations 
it can be seen that, in spite of all efforts, we have as )^et no certain 
knowledge about the mechanism of ray action). 

Ewing stated that underlying all tissue reactions to radiation are the 
primary effects on the tissue cells. He believes that both nucleus and 
cytoplasm suffer together in varying degree, thus differing from Regaud 
and Lacassagne, who are inclined to believe that the nucleus is the 
special point of injuiy. It appears to me that some justification of the 
views of the French school in this respect is to be found in the numer- 
ous studies of biologists working with microdissection apparatuses, 
which have repeatedly revealed the comparative resistance of c}d:oplasm 
to various noxious agents and the extreme susceptibility of the nucleus. 

Ewing accepts as fully attested the law of Bergonie and Tribon- 
deau,^® that dividing cells are more susceptible than resting cells, and 
the observations of Schwarz that susceptibility to radiation is in direct 
proportion to the growth metabolism of the tumor cells. I have already 
drawn attention to the fact that not all rapidly growing tumors are 
radiosensitive, although one might infer from their capacity of growth 
that they possessed a high metabolic rate. Ewing stated that in tumors 
irradiation is followed by enormous swelling and hyperchromatism of 
epithelial nuclei, the result of imbibition of fluid by the nuclei at the 
expense of the cytoplasm. The probable explanation consists in intra- 
cellular changes produced by changes in electrolytes and decomposition 
of salts, fats and proteins, so that water is drawn in by simple osmosis. 
Regaud and Lacassagne are of the opinion that the nuclear chromatin 
is particularly affected. Ewing finds that under other conditions and 
generally in the case of lymphoid and embryonal tumors, there occur 
pyknosis, shrinkage and karyorrhexis, which seem to occur especially 
when the cytoplasm is hydropic. When these changes are present m 
pronounced form they lead to death of the cells. 

After full irradiation mitoses partially or wholly disappear. If they 
reappear they are apt to be abnormal in form or abortive. Schreus - 
found that amitotic division may replace mitotic division. That cells 

19. Bergonie, J., and Tribondeau, L. : Compt. rend. Acad. d. sc. 143:983, 1906. 
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may recover from sucli damage is evidenced by frequent recurrences in 
scarred fibrotic beds. Under such conditions the cells are extremely 
resistant to further radiation. 

Among the changes which seem most significant are those of the 
blood vessels. Ewing believes that practical irradiation often acts 
largely through vascular disturbances. Irradiation is followed first by 
hyperemia. \''asodilatation is followed by e.xudation, hemorrhage, rup- 
ture of the capillaries and thrombosis. The endothelial cells are swollen 
and hydropic. All of the vessel coats become swollen and thickened, 
and a late arteriosclerosis leading to an anemic cicatrix may result. 

Repair in an irradiated field occurs bj’’ much the same mechanism 
that one finds after other injuries, but with certain peculiarities which 
will not be discussed since the}' bear especially on tlie phenomena of 
late radionecrosis, a topic quite foreign to the present paper. One of 
the earliest features of repair is the lymphocj'tic exudate. L3'mphoc}'tes 
gather in the irradiated field probably as the result of lymph stasis. So 
little is actuall)' known about the l5Tnphoc}'te, both as to its origin and 
as to its place as a biologic entity, that its influence on the healing pro- 
cess, if indeed it has any, is obscure. Ewing stated that complete 
destruction of tumor cell foci may follow the accumulation of lympho- 
cytes. He accepts the contention of Murphy -- that radiation acts par- 
tially through the mobilization of lymphocytes. This view is denied 
by Prime.-^ The tendency of lymphocytes to gather about foci of 
regressing tissue is well known. Not only do they tend to accumulate 
about tissue in the process of immediate regression, but throughout the 
biologic field they seem in their location to be particularly associated 
with regions where embr}'onal absorptive processes are under way 
(absorption of phar}'ngeal pouches, in the formation of the eustachian 
tube, the bursa of Fabricius, the intestinal glands, the pharyngeal tonsils 
and the postbranchial body — Kingsburj' -*). Ewing believes that the 
plasma cell or conditions under which the plasma cell occurs are 
antagonistic to the process of cancer. 

Connective tissue proliferation occurs in the healing process under 
many circumstances. Cellular connective tissue with considerable 
momentum of growth ma}' develop in irradiated lymph nodes, in mus- 
cles and in the subcutaneous tissue. The active proliferation of con- 
nective tissue may usually be traced to marked injuries to the normal 
tissue during the irradiation. In some nodes Ewing followed the 

22. Murphy, J. B. : The Lymphocyte in Resistance to Tissue Grafting, ^^al^g- 
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process into almost a sarcoma-like growth. Thus Weigert’s law may- 
be abundantly fulfilled. New capillary growth may be extreme. In 
one instance Ewing traced the development of a recurring angiosarcoma 
in a roentgen ulcer. 

With the marked destruction of tissue cells a form of indolent con- 
nective tissue essentially devoid of circulation may result. To this type 
of tissue the term abortive fibrosis has been applied. It occurs espe- 
cially after repeated irradiation and is one of the end-products of 
unsuccessful irradiation, since tumor cells may long remain in areas of 
abortive fibrosis. Such cells are extremely resistant. They have 
acquired a resistance greater than that of the surrounding connective 
tissues. The reaction of fat tissue to radiation is peculiar. Fat breaks 
down into oil cysts, saponification appears, and considerable prolifera- 
tion of fat cells ensues. The response of the connective tissue is poorly 
developed, and fat tissue constitutes an unfavorable bed for the irradia- 
tion of tumors. The peculiar reaction of fat tissue to radiation has 
a definite bearing on certain problems of practical irradiation, par- 
ticularly the irradiation of mammary cancer in the fatty breast. 

Regaud recognized in many neoplasms, especially in epidermoid 
carcinomas, a source of the neoplastic cells (souche cellulaire) and a 
collateral development (lignes laterales). He believes that the collateral 
line — in epidermoid carcinoma the hornified squamous layers — -has 
nothing to do with the perpetuation of the neoplastic process, since 
these cells are destined to differentiation and ultimate destruction. He 
sees in irradiation, when effective, an effect mainly on the souche cellu- 
laire. This souche cellulaire in different tumors shows different- radio- 
sensitivities. Regaud believes that, for instance, in the cervix, those 
tumors are more radiosensitive where the souche cellulaire comprises a 
small portion of the growth and where there is a pronounced tendency 
for the development of collateral lines of adult squamous character. 
The experience at the Memorial Hospital has been somewhat different. 
Ewing believes that the capacity for growth of differentiating squamous 
cells in squamous carcinoma is long retained and that they may at a 
late period become mother cells. I favor the latter opinion. Late 
recurrences in man)'^ squamous carcinomas, when repeated biopsies have 
shown onl}^ atrophic-looking, h)'aline squamous pearls, seem to reveal 
even the differentiated cell of squamous carcinoma in a sinister light. 

Regaud looks on glandular carcinomas with evidences of secretion 
as radioresistant, since they represent differentiated adult characters. 

I am fully in agreement with this contention. Furthermore, overpro- 
duction of secretion, mucin, etc., appears antagonistic to irradiation 
fibrosis. 


25. Regaud, C. : Radiopliys. et radiothcrapie 1:443, 1930. 
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Regaud states that prior treatment with radiation followed b}' 
regeneration of the tumor is succeeded by radioresistance. Microbic 
invasion with evidences of inflammation diminishes radiosensitivity. 
This is likewise the view at the IMemorial Hospital. Inflammation 
appears to interfere with the normal response of the tissue bed. 

All experienced workers in the field of radiation emphasize the 
iniportanee of the integrity of the tumor bed. The integrity of the cir- 
culation for a nonnal response to radiation has been shown experi- 
mentall}' b}- Jolly."® He proved that vasoligation prior to irradiation 
diminished the effect of radiation. Mottram stated that if experi- 
mental tumors are irradiated and left for four or five days in the animal 
and then transplanted, they are less apt to grow than when the}" are 
irradiated and transplanted immediately. He believes that the difference 
is due to the effect of radiation on the blood supply. The effect of 
ischemia in diminishing sensitivity has been shown by Ferroux, Jolly 
and Lacassagne and by Ferroux and Regaud."® One must distinguish 
between initial ischemia and ischemia developed as a result of irradiation. 
In resistant tumors, when an effort is being made to reduce the rate of 
tumor grovth, an induced ischemia appears highly desirable. It is well 
known that massive destruction of a tissue bed by radiation is dan- 
gerous. With irradiation paralysis of fibroblastic activity, residual 
tumor cells may proliferate with great rapidity. A quotation from 
Lacassagne may be appropriate. He stated : 

Si le but a atteindre en radiotherapie des cancers doit etre avant tout de 
detruire les cellules neoplastiques, il ne faut pas meconnaitre cependant I’importance 
qu’il y a a menager les tissus generaux. En realisant ces deux objectifs, on obeit 
a une ligne de conduite depuis longtemps formulee, et qui semble la meilleure con- 
dition de succes: administrer, a toutes les cellules cancereuses, la plus forte dose 
compatible avec I’integrite des tissus sains. (If the goal to be attained in radio- 
therapy of cancers is, above all, the destruction of the neoplastic cells, one must 
not disregard the importance of exercising caution with regard to the general 
tissues. In realizing these two objectives, one follows a .line of conduct formulated 
long ago which seems to be essential to success : administer to all the cancerous 
cells the strongest dose compatible with the integritj- of the healthy tissues.) 

The question may be asked as to what type of tumor response indi- 
cates radiosensitivity. Lymphosarcomas are radiosensitive. They dis- 
appear dramatically. On the other hand, there are certain neurogenic 
sarcomas which vanish under irradiation. These are rare. Their dis- 
appearance is slow and progressive and may require a year for com- 
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pletion. Obviously, these tumors are not sensitive in the ordinary sense. 
The process is one of slow sclerosis. Such examples might be multiplied 
many times. Then, again, there is the response of uterine myomas to 
radiation. Here it is extremel}^ likel}'- that the process has essentially 
nothing to do with the influence of radiation on the myoma, and that 
the chief effect is on the ovar3^ This is not radiosensitivit3^ I should 
define radiosensitivity as that combination of circumstances resident in 
the tumor or the host which permits marked or total local tumor 
regression under doses of radiation sufficientl3’- small to preserve the 
essential integrit3'^ of the host’s tissue. This definition eliminates from 
the sensitive group those tumors which require heav3’’ interstitial irra- 
diation. In defining the integrity of the host tissue I mean essentiall3' 
the immediate integrity and am less concerned with late vascular dis- 
turbances. The definition is admitted^' unsatisfactor3f. Many tumors 
usually regarded as radiosensitive are close to the borderline. Witness, 
for example, the hypopharyngeal group in which after external irra- 
diation by divided dose methods the tmnor ma3'^ completely regress, and 
yet the tissue may be so damaged, although soft and pliable to external 
examination, that by progressive vascular changes, especially with minor 
infections or injuries, an extensive late necrosis may result. This is due 
to the fact that although these tumors tend to regress markedly under 
intermediate ranges of irradiation it is known that, with doses approach- 
ing the limit of tolerance, the3'^ ma3^ be completely sterilized. Thus the 
doses used usually reach nearly the limit of tolerance in the effort to 
cure a radiosensitive tumor complete^. 

The temi “total” local tumor regression as used in the definition 
is also unsatisfactory. It is meant to imply complete absence of 
clinicalty ascertainable disease in the area treated. This does not 
necessarily mean absence of histologic disease, since it is often a fact 
that apparently highly sensitive tumors reappear in an almost explosive 
fashion after seemingl3'^ complete anatomic regression. Thus, radio- 
sensitivity does not necessarily mean that the tumor may be cured by 
irradiation. Moreover, as will be seen later, histologic disease may not 
mean clinical disease. 

Degrees of radioresistance are likewise recognized. Tumors which 
require large doses of interstitial radiation are considered resistant, but 
radioresistance does not necessarity mean that the disease is not con- 
trollable b3’- radium. It should be emphasized that the relative character 


of sensitivity and resistance must dominate the discussion. 

The reader must realize that efforts to correlate tumor structure with 
response to radiation constitute a relativel3'’ new field of radiologic 
patholog3'. In the case of certain tumors, notabl3'^ the epidermoid car- 
cinomas, definite progress has been made, and 3'et considerable differ- 
ences of opinion exist. Much information is available concerning the 
various embr3'onal carcinomas, the lesions of the 13'mphatic and m3’eloicl 
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apparatus and tumors of tlie bone, and the extreme radioresistance of 
specific types of tumors, such as melanomas or neurosarcomas, is well 
known. With many other tumors the available infonnation is much too 
scanty to enable one to draw definite conclusions. For example, little 
is known conceming the relation of structure to radiosensitivity in car- 
cinomas of the corpus uteri, although these lesions have been treated by 
radiation in some clinics for \-ears. Little is known of the comparative 
behavior of different t 3 ’pes of cancer of the breast and ovarian car- 
cinoma, and essentialh' nothing regarding tumors of the bladder, pros- 
tate and gastro-intestinal tract. There is a common tendency to confuse 
grade of malignanc}- with radiosensitivit}', although these properties are 
in many instances quite distinct and independent, although they parallel 
one another occasionalh’. Radiosensitivity is confused with cure by 
irradiation. j\Iany papers show little or no eft'ort to correlate successes 
or failures with pathologic findings, and there is a tendenc}" casually to 
dismiss the failures without an attempt at pathologic analysis. 

It is my intention to discuss in the following pages the beha\'ior to 
irradiation of the i-arious tumor t^-pes, dealing wfith them largel}" as spe- 
cific entities, with the idea that generalities, as usually expressed, afford 
the practical radiotherapeutist rather small information on what maj- be 
anticipated with the individual tumor. The effort has been to produce 
a practical paper rather than one dealing purelj^ with the theoretical 
and analji;ic aspects of radiosensitivity. Of several hundred references, 
those have been selected in which the authors made some statement as to 
a correlation between structure and sensitivity even though merely to 
the effect that none could be detected. In the case of some tiunors it 
has been possible to state only that a certain author obsem^ed disappear- 
ance of tumors with external irradiation alone, thus offering a proof 
of the existence of a limited number of radiosensitive tumors of the 
region concerned, without specification as to histologic types. It has 
been found impracticable to cover the entire radiologic literature on the 
subject, and hence only more significant contributions have been quoted. 
The radiologic literature has grown at such a rate that I offer no apologA" 
for this restriction. 

In illustration, an effort has been made to picture specific groups 
only, rather than to produce a histologic atlas of neoplastic diseases. 

IXTRA-ORAL CARCIXOM.\ 

^luch is known about the radiosensitivity of intra-oral carcinoma. 
Errors in properh- predicting the irradiation behavior of intra-oral 
cancers show that much remains to be learned. Intra-oral cancer is not 
a single disease but a group of related entities varying in structure, 
irradiation behavior and clinical course. Tumors of similar structure 
and in similar anatomic settings may behave differenth- in different 
persons. Regaud has emphasized that the cells of origin fsouche ceJJu- 




Fig. 2. — Intra-oral cancer; highly resistant spindle cell epidermoid carcinoma (A) beneath 
epidermis and (B) invading muscle. 
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laire) differ in sensitivity in diff'erent portions of the same tumor and 
hence obviotish- from one tumor to anotlier of similar structure. This 
does not necessarily mean that predictions of radiosensitivity are of no 
value. In checking over the cases of approximately 100 patients with 
hypopharyngeal tumors who were treated within the last two years, at 
the jMemorial Hospital, I found that the predicted radiosensitivity was 
erroneous in about 10 per cent. The error has usually been in the direc- 
tion of an underestimated rather than an overestimated sensitivity. If 
one attempts to judge sensitivity from the section alone, the errors are 
increased. I prefer to know the gross character of the lesion, the exact 
location and the duration of the disease. It is important to know 

whether the gross lesion is decidedly papillary in structure, since 

papillary tumors are apt to be more sensitive. The location is important, 
since tumors of the same structure liistologically differ somewhat in 
their radiosensitivities in different regions. Tumors of long duration 
and with pronounced infiltrative characters are apt to be desmoplastic 
and corresponding!}’' resistant. 

Epidermoid carcinomas of the oral cavity differ in structure. The 

adult squaiTious carcinomas tend to occur on the lip, the dorsiun, tip and 

lateral borders of the tongue, the alveolar ridges, the hard palate, the 
buccal mucosa, the phar}’ngeal vault and the true vocal cords (figs. 3 
and 4) . As a group these tumors are radioresistant. In a series of 
patients treated by measured doses, Martin, Quimby and Pack esti- 
mated that they require from 7 to 10 skin er}thema doses for control. 
This requirement places these tumors in the resistant class, since their 
regression appears to require interstitial irradiation in some form. It 
is well known that these doses approach the tolerance of the normal 
structures of the oral cavity. Hyaline necrosis of the lingual muscle 
in the vicinity of the lesion always results. If the tumors are near bone, 
i. e., on the alveolar ridge, this dose may result in osteomyelitis or pro- 
ductive and rarefying osteitis, especially when the lesion is accompanied 
by pronounced dental and oral sepsis. If the lesion invades bone it is 
extremely radioresistant. Irradiation, with this dose, of lesions of the 
pharyngeal vault results in vertebral osteitis or periosteitis, with fibrosis 
of the prevertebral fascias, which leads to prolonged pain. Vascular 
lesions and hemorrhages are common, especiall}’ with lesions situated 
toward the base of the tongue and hypopliarynx. In debilitated persons 
the epithelitis may result in aspiration pneumonia or abscesses of the 
lungs. The radiosensitivity of the adult squamous carcinomas varies. 
Occasionally, a papillarv lesion of pronounced adult structure is quite 

'>1. Martin, H. E., and Quimby, E. H. : Avn. J. Roentgenol. 23:17o, 19.30. 
^fartin, H. E. : Quimby, E. H., and Pack, G. T. : ibid. 25:490. 19.31. 

32. I appreciate the desirability of expressing doses in roenteens. -So tar, radon 
'feses cannot be so expressed. 
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sensitive. Pronounced infiltrative properties resulting in desmoplastic 
features usually mean higher resistance. There exists a group, fortu- 
nately small, of spindle cell epidermoid carcinomas made up of large 
spindle cells, producing a pseudosarcomatous appearance (fig. 2). 
These lesions are extremely resistant. They recur .after doses sufficient 
to destroy much normal tissue. After unsuccessful irradiation of the 



Fig. 3. — Intra-oral cancer ; differentiated radioresistant squamous carcinoma. 

usual squamous carcinoma of the oral cavity, the recurrence may exhibit 
marked desmoplastic characteristics, or else the tumor may show a 
spindle cell metaplasia. When metaplasia is present, the tumor is 
extremely resistant. It is believed that any prior unsuccessful irradi- 
ation increases the radioresistance of the tumor and the sensitivity of 
the surrounding tissues. It is well to recall Regaud’s statement: “Ic 
traitement anterieur a forte dose par les radiations, stiivi de repullula- 
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tion, cree pen a pen un etat de radioimnninisation absolue” (previous 
treatment, by irradiation with high doses, creates, little by little, a state 
of absolute radioininiunization). Tumor cells surrounding radium 
ulcers with infection are resistant. 

Carcinomas of the anterior floor of the mouth are apt to be papil- 
lar}-. They are rather soft, fungating, pinkish, vascular growths which 
may excavate earh’. They are often of the mucous membrane tj'pe — 
that is, with a slight tendenc}' to pearl formation — and moderately ana- 



4. — Intra-oral cancer ; relatively differentiated radioresistant squamous 

carcinoma. 

plastic. These tumors tend to be relativelj' radiosensitive, though not 
bighh' so. Marked regressions may be expected under large doses of 
C-Vternal radiation, but supplemental interstitial irradiation is usuall} 
uecessar}' for complete local control. The mucosa of that region is 
rather more sensitive than that of the tongue. Furthermore, the region 
's a dependent one. This fact, coupled with the tendency toward earh 
pxca\ation, tends to lead to unpleasant radium ulcers after interstitial 
Sepsis then spreads occasionalh* through the fascias of the 
OOP of the mouth as far as the larynx, and death results from lar' ngeai 
edema. 
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Most carcinomas of the lip are radioresistant. They are sufficiently 
so to require either radiation fi'om three surfaces by radium or radon 
applied in plastic molds, or buried radium, in order to secure regression. 
With these methods Regaud and his colleagues reported 86 per cent 
local cures. Squamous carcinomas of the buccal mucosa tend to be 
radioresistant. 

Carcinomas of the h 3 fpophai' 3 mgeal region, tonsil, base of the tongue 
and soft palate tend to be from moderatel)'’ to highl}^ radiosensitive. 
There seems to be a fairly close correlation between histologic structure 
and radiosensitivity. This is shown by the studies of Coutard,®^ and 
is amply confirmed by the experiences at the Memorial Hospital, those 
of Berven dealing mainly with tonsillar tumors, and the studies of 
others. Coutard divided his tumors into six tj^pes : ( 1 ) nonepidermoid 
epitheliomas, (2) lympho-epitheliomas, (3) epidermoid epitheliomas 
of the mucosal type, with little differentiation and with basal cells 
predominating, (4) well differentiated epitheliomas of the mucous 
membrane, with varying degrees of stratification, (5) epitheliomas 
approaching the structure of cutaneous t 3 ^pes and (6) special vari- 
eties, notably the glandular epitheliomas. The nonepidermoid epi- 
thelioma consists of cells of equal size, decidedly embryonal in 
character, with nuclei of uniform size and containing a fine chromatin 
network. I am uncertain just how this type fits with our own classifica- 
tion at Memorial Hospital. Coutard secured his best results in classes 

I, 2 and 3. He reported but 1 cure in 13 cases of type 4; 1 in 8 cases of 
t 3 'pe 5, and 1 in 5 cases of type 6. At the Memorial Hospital we employ 
a simpler classification, namely, squamous carcinoma with A'^arying 
degrees of adult character as judged by cornification, transitional cell 
carcinoma (fig. 5), lympho-epithelioma (Regaud and Schmincke types) 
and adenocarcinoma. We find lympho-epithelioma (figs. 6 and 7) highly 
sensitive as a rule ; transitional cell carcinoma, from moderately to highly 
sensitir'^e; the undifferentiated squamous carcinomas, moderately sensi- 
tive ; the differentiated squamous carcinomas, relatively resistant, rarely 
from moderately to highly sensitive, and the glandular types, radio- 
resistant. Even spindle cell cancers may be sensitive when they occur 
posterior to the anterior palatoglossal fold. Berven insisted on the 
importance of histologic determinations of radiosensitivity, and Coutard 
expressed the belief that the histologic structure of tumors of the 
phar 3 'nx and lar 3 mx outweighs in importance, for therapeutic purposes 
and prognosis, even the extent of involvement of the cervical nodes. 

33. Regaud, C. ; Lacassagnc, A. ; Roux-Berger, J. L. ; Coutard, H. ; Monod, O. ; 
Pierquin, J., and Richard, G. : Strahlentherapie 26:221, 1927. 

34. Coutard, H. : Radiophys. et radiotherapie 2:541, 1932. 

35. Berven, E. G. E. : Malignant Tumors of the Tonsil, Acta radio!., supp. 

II, 1931, p. 1. 
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Coutard noted that the time of appearance of radio-epithelitis varies 
ni different portions of tlie oral cavity and indicates a var3dng sensitivity 
of these territories wliich corresponds in general to the sensitivities of 
tumors arising from these regions. Thus, the earliest region to show 
membrane formation is the mucosa of the tonsillar pillars and the soft 
palate. The vallecula, the pharyngolar3-ngeal folds and the floor of the 
mouth show inflammator3- changes slightl3' later. The lar3mgeal aspect 
of the epiglottis, the interarvtenoid space and the base of the tongue 



Fig. 5. — Intra-oral cancer ; relatively radiosensitive transitional cell carcinoma. 


require a slightly larger dose to produce epithelitis, and the inflammator}' 
process on the vocal cords and dorsal and anterior aspects of the tongue 
does not appear until several days later. The time of appearance of 
these lesions corresponds fairly well to what is known of the sensitivity 
of tumors arising in the regions. .According to our own ideas, the time 
of appearance of the epithelitis on the cheek and on the mucosa over 
the mandible (according to Coutard. the epithelitis appears there before 
't does over the base of the tongue) docs not fit with the observed 
resistance of tumors in this location. 
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It has been emphasized that although these hypopharyngeal, uvular 
and tonsillar types are generally radiosensitive, the doses to which they 
respond with complete regression are often close to the limit of normal 
tissue tolerance. Naturally, this normal tissue tolerance varies somewhat 
in different persons. A dose sufficient to cause marked regression or 
sterilization almost invariably causes xerostomia and disturbances in the 
sense of taste. It may cause chronic edemas, chronic fibrosing myositis 



Fig. 6. — Inira-oral cancer; radiosensitive lympho-epithclioma, Scliniinckc type. 
Bnllcj’ tumors may show complete clinical regression with very little irradiation. 
Total sterilization reqviircs much larger doses as a rule. 


and necrosis of the bone or cartilage. Hemorrhages are rather rare. 
Coutard observed the development of carotid aneurysms in four patients 
as long as two years after irradiation. Neuritis with amyotrophic 
atrophy and paralysis has occurred. Sclerosis of the small bones of 
the middle car. deafness and cataracts have resulted. Radiation suffi- 
cient to produce tumor regression has in some instances led to massive 
laryngeal necrosis some months after the irradiation. This results in 
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part from prog-ressive endarteritis, especially when associated with latent 
infection in areas of cartilage necrosis. Coutard believes that these 
cartilage necroses arc for the most part the result of actual invasion of 
the cartilage by tumor, and the experience at the Memorial Hospital 
points to the same conclusion. 

The statement has been made that metastases of the h'mph node are 
more radiosensitive tlian tiie primary tumors. There is no agreement 
among radiologists and pathologists on this point. I believe, from a 



Intra-oral cancer ; radiosensitive lympho-epithelioma, Regaud type. 


survey of a large number of cases at the Memorial Hospital, that the 
sensitjvity of metastases of the 13'mph node ma}' be quite different from 
lat of the primar}’- tumor, but that it does not varv- in a constant direc- 
tion. Kodes ma)' be more or less sensitive. The\' tend. I believe, to be 
® ’S Fly more resistant. In a review of sixty recent intra-oral lesions I 
cunci but two instances in which the nodes completeh’ regressed, but in 
"hich the primar}' lesions persisted. There are numerous instances of 
I'cgression of the primary lesions but persistence of the nodes. In each 
case tlic fact that the node contained cancer cells was shown by aspira- 
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tion. They were not merely hard, sclerotic nodes. Without histologic 
material in some abundance from the nodes of oral cancer prior to the 
irradiation, I doubt whether one can say why they do or do not regress. 
It might be interesting to compare the irradiation behavior of nodes with 
their known duration. It is probable that rapidly developed, more or 
less fulminating metastases of the lymph nodes might be more sensitive 
than the primary lesions. On the other hand, some intra-oral carcinomas 
metastatic to nodes become decidely desmoplastic. Such nodes should 
be resistant. Moreover, there is a pronounced tendency for liquefaction 
and central sloughing with cavitation in the older nodes and rarely in 
the acute metastases. Such nodes might be expected to be more 
resistant. Lymph nodes the site of metastatic cancer undergo sclerosis 
under amounts of radiation which have little effect on uninvolved nodes. 
The normal lymph node is a radioresistant structure. When carcinoma 
has escaped from the confines of a node and infiltrates the fascias, it 
tends almost uniformly to be radioi'esistant despite its other histologic 
characteristics. 

The miscellaneous tumors of the minor salivary glands, mixed tumors, 
adenoid cystic epitheliomas and adenocarcinomas of the intra-oral cavity 
are still insufficiently studied as to their behavior under irradiation. 
Very few are radiosensitive, and most of them possess the resistance of 
adult squamous cancer. At the Memorial Hospital no patients have 
been cured by external irradition. Berven reported the tumors as 
resistant, and he has had no cures by external irradiation. Coutard 
regards them as resistant. 

Owing to their location in bone, adamantinomas do not encourage 
aggressive irradiation. Irradiation as a prelude to surgical intervention 
appears to have little logic. The adamantinoma group is complex. In 
structure, the tumors vary from rather quiescent, largely cystic tumors, 
through the classic textbook adamantinoma, to atypical glandlike growths 
and tumors closely resemljling squamous cancer. Their behavior under 
irradiation must doubtless vary with their structure, but adamantinoma 
is not a common tumor and observations are so far insufficient to 
enable one to express any opinion as to the sensitivity or resistance of 
given types. 

TUMORS OF THE PAROTID AND SUBMAXIELARY GLANDS 

These tumors constitute a complex group. The results of surgical 
removal of the relatively benign mixed tumors appear to be rather 
unsatisfactory. In Benedict and Meig’s series, 13 of 41 patients had 
one or more recurrences. On the other hand, the surgical treatment of 
patients with true carcinomas is nearly 100 per cent disastrous. The 
bad results of surgical intervention even in the most competent bands 
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sliouid encourage attempts at an irradiation approach to this problem. 
Even with the seemingly encapsulated mixed tumors it is difficult to 
predict the structure before operation. Many mixed tumors show areas 
of epidermoid carcinoma of the salivary ducts or of adenoid cystic 
adenocarcinoma. The former tend to recur locally and to metastasize 
to regional nodes. The latter may metastasize as widely as any known 
tumor. Their metastases to bone may be so extensive that roentgen- 
ograms will suggest multiple myeloma. I have seen an impressive 
number of adenoid cystic carcinomas metastasize to bone, and have seen 
them yield not only the usual visceral metastases. but also metastases to 
the spleen, pancreas, ovaries and uterus. Our patients with diffusely 
metastasizing tumors all had repeated surgical treatment, which may 
■well have been a factor in the wide dissemination of the tmnors. 

Unfortunately, these tumors of the salivar}' gland are not very' radio- 
sensitive. At the jMemorial Hospital some mixed tumors have yielded 
to interstitial irradiation and have, as shown by subsequent removal, 
been reduced to inert h3'aline masses. In rare instances external irradia- 
tion has resulted in complete regression of what were clinically mixed 
parotid tumors. Complete regression of a verified mixed parotid tumor 
■under external irradiation is a rarit)'. Belot and ^lenegaux reported 
the cure of a patient with a pathologically verified, recurrent, mixed, 
parotid tumor by external irradiation. M'ickham®' described o success- 
ful results b}’’ surface application of radium in mixed tumors. All were 
in patients with residua or recurrences following surgical inten-ention. 
With 5 tumors described as “epitheliomas de morphologic imprecise 
intermediaire entre le malpighien et le glandulair atypique se rapprochant 
plus ou moins de I’une ou de Faiitre de ces formes” (epitheliomas of 
uncertain morpholog)y intermediate betAveen the malpighian and the 
atypical glandular forms, resembling, more or less, one or the other of 
these forms), he related 1 failure with combined surface and interstitial 
irradiation, another with surface irradiation onh'. 1 death from hemor- 
rhage following combined treatment and 2 failures after surface applica- 
tions. From his descriptions it is inferred that his cases of failure 
corresponded to the type we classiH as adenocarcinoma or as adenoid 
cystic carcinoma. Wickham reported 1 complete regression, but the 
time interval is too short to call the patient cured. In a single patient 
n-ith a purely “glandular epithelioma” the tumor regressed markedly, 
but since the patient refused to complete the treatment, the tumor 
vapidh’ recurred. From Wickham's report one would conclude tliat the 
niixed parotid tumors are more sensitive than the cellular adeno- 

3G. Belot, T., and klcnegaux, G. t Bull. As?oc. franc- P- 1 e'tndc <ui cancer 19. 
''06, 1930. 

Wickham, Y. L.: Bull. Assoc, franc- P- I'ctude du crmccr 19:.tr0. 195-?. 
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carcinomas. Balestra stated that radiation is of considerable value in 
mixed parotid tumors, leading in some to complete disappearance and 
in others to considerable reduction in size. Apparently the complete 
disappearance required interstitial therapy. Schreiner and Mattick 
reported the cases of 16 patients with mixed tumors who were treated 
by irradiation as the primary method. Of these, 3 had complete 
regression ; 7 were clinically cured, but a hard indurated nodule 
remained; 1 was unimproved; 1 was lost track of, and 4 died. Of the 
last, 2 died of other causes. None of these patients was treated with 
external irradiation, yet the series shows that a fair proportion of mixed 
parotid tumors is sufficiently sensitive to yield to interstitial irradiation. 
Benedict and Meigs did not speak enthusiastically of radiation. On 
the other hand, no evidence is presented in their paper that any irradia- 
tion program designed along modern physicobiologic lines to effect a 
cure by radiation had been adopted. Their figures are illuminating 
from the point of view of prognosis after purely surgical intervention. 
Taken as a whole (all tumors of the major salivary glands included), 
recurrences after surgical intervention average about 50 per cent. Of 
18 sarcomas, 17 were fatal, and 1 patient was alive with disease. One 
must question the diagnosis in any such number of sarcomas. Were 
not many of them myxosarcomatous in structure and hence clearly 
epithelial according to the modern concept of metaplasia in the salivary 
gland group? Of 20 patients with carcinomas, 18 died of the disease, 

1 died with the disease still present, but of another cause, and 1 was alive 
three years without evidence of tumor. Of 41 patients with mixed 
tumors, 13 had recurrences after surgical intervention, several being 
multiple recurrences. The results are far from encouraging. 

It would appear that the less malignant tumors of the salivary gland, 
the mixed tumors in contradistinction to the adenocarcinomas, are the 
more amenable to radiation. From their structure one would not assume 
this to be the case. The adenocarcinomas are more cellular; their cells 
are smaller and more closety packed, and their blood supply appears less 
stable. The behavior of the mixed tumors is probably related to their 
natural history. They tend to grow slowly ; periods of quiescence 
alternate with periods of growth. Certain of them appear self-limited. 
Surgical statistics seem to indicate that even the rupture of these tumors 
with spilling of contents at the time of operation does not necessarily 
lead to recurrence. Their tendency in many cases to regress under 
irradiation is probably the result of chronic “discouragement of cells 
the neoplastic properties of which are by no means always aggressive. 


38. Balestra, G.; Radiol, med. 16:574, 1929. ^ 

39. Schreiner, B. F.. and Mattick, W. L.: Am. J. Roentgenol. 21:o41, l.'-A 

40. Benedict, E. B., and Meigs. J. V.: Surg., Gynec. & Obst. 51:626, 1930. 



1001 


SrElVARr—RADlOSEXSiriVITY OF TUMORS 

The submaxiilary saHvar\- tumors are almost always true aggressive 
carcinomas and are highly malignant. They are not radiosensitive, and 
treatment by any means seems unsatisfactor)'. 

C.\RCIXOMA OF THE XASAL MUCOSA AXD SINUSES 

^fany carcinomas of the mucous membrane of the nose and nasal 
accessory sinuses are radiosensitive. ^larkedly sensitive epidermoid 
carcinomas exhibit the structure of transitional carcinoma or of Ivmpho- 
epithelioma. Schneiderian carcinomas, if decidedly anaplastic, are radio- 
^nsitne. When the}- contain much mucus they are radioresistant. 

lese radiosensitive tumors of the nasal mucosa and sinuses are apt to 
recui -with great rapidity after an initial pronounced regression. When 
t le} metastasize to nodes, the nodes are sensitive. Their tendency to 
metastasize is not as great as their high cellularity might lead one to 
anticipate. -When they do metastasize, they are apt to spread mdely and 
} leld distant visceral metastases. Many remain local and cause death by 
lemorrhage, sepsis and erosion of the regional bony structures. 

Radioresistant squamous carcinomas develop either locally or on tlie 
asis of a diffuse polyposis of the mucosa of the nose or sinuses, 
pi ermoid carcinomas of varying structure may develop in the region 

0 the ethmoid cells. They have not been sensitive tumors. Interstitial 
irradiation has resulted in meningitis. Carcinomas of the mastoid cells 

a\ e been extremely difficult irradiation problems owing to their location 
m bone. There exists, however, a small group of anaplastic tumors 
I'lth decidedly embryonal cells. These lesions occur in children. They 
may first present themselves in the mastoid area, although they seem to 
^I'lse primarily in the region of the tonsil or the eustachian tube. They 
are extremely radiosensitive. 

Certain vascular papillar}' or polypoid tumors of the nasal region 

1 ariously classed as angiofibromas or angiosarcomas, although not radio- 
sensitive in the usual sense, may nevertheless undergo slow sclerosis 
a ter repeated irradiation. Portmann, Bonnard and iMoreau have 
„ scribed a radiosensitive tumor of the nasal region under the term 

^sthesioneuroblastome.” It is said to arise from neuroblastic cells and 
IS lence quite distinct histogenetically. 


carcinoma of the lung 

Primary bronchogenic carcinomas often show a structure wliicb 
'"oiild lead one to believe they were radiosensitive. This is especiallv 
friie of the so-called oat cell carcinomas. Despite this fact irradiation 
cancer o f the lung has been on the whole unsatisfactory. Tlicrc is 

■fl. Portmnnn, Bonnard and }roreau : .Acta oto-Iarj-njr. 13:52. 1^25. 
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little evidence that it prolongs life in the majority of cases. At the 
Memorial Hospital there is but a single patient with proved bronchogenic 
carcinoma alive, but with disease, five years after treatment was 
instituted. I have witnessed pronounced regression of anajilastic 
carcinoma of the mucous glands. Most radiologists find little cause for 
elation in the therapy of cancer of the lungs. Paterson,''- in 19 cases, 
found no prolongation of life, but noted temporary improvement in all 
but advanced tumors. On the other hand, Ledd}'^ and Vinson have 
quite recently reported definite palliative results. Of 42 patients treated, 
10 were living from fifteen months to four )'ears after a diagnosis of 
bronchogenic carcinoma was made. Thus, it would seem that a certain 
number of such tumors are sufficient!}' radiosensitive to permit of 
definite palliation. 

CARCrNOMA OF THE ESOPHAGUS 

Epidermoid carcinomas of the esophagus form another discouraging 
field for the radiologist. Few show a structure suggestive of radio- 
sensitivity, arid in these there is little actual proof that they behaved 
like sensitive lesions. In fact, in a large series of esophageal lesions I 
have seen much more evidence of actual irradiation effect, histologically, 
in the relatively adult squamous carcinomas, in which the treatment may 
result in increased cornification, degenerative hyalinization, abortive 
atypical mitotic divisions and ballooning degeneration of tumor cells. 
There is a great variation in the effect of the radiation on different 
tumors of seemingly similar histologic structure. Naturally, the dose 
that can be administered to these tumors does not approach that which 
is known to be effective on other epitheliomas of the same type. Neither 
docs it appear that the degree of regression observed with the very 
cellular tumors of the oropharynx is approached in the case of 
esophageal lesions of similar structure with the same dosage. The 
esophagus is a thin-walled viscus. Many of the tumors are outside the 
esophagus when first seen, adherent to adjacent structures, and arc 
already ulcerated and desmoplastic. The patients arc often greatly 
emaciated and anemic and arc unsatisfactory subjects for irradiation. 

I ha\'c the impression that the glandular tumors of the lower part of 
the cso])hagus or cardia, so situated that they obstruct the esophagus, 
are slightly more sensitive, although my experience is slight with this 
variety. In the case of a patient with this type of lesion treated recently 
at the Memorial Hospital, ability to swallow was regained in part, and 
the patient gained IS pounds (8.2 Kg.) in a few weeks. J lie dose 
cniploved was inucli larger than the usual one and of such magnitude 

42. Paterson, Ralston: Brit. J. Radiol. 1:90, 1928. 

43. Lcddy, E. T., and Allison, P. P.: Proc. .'Vm. Roentpen Ray Soc., 19.32. 
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that probably few patients would have tolerated it. The same degree of 
palliation might possibly have been attained by dilation alone. 

Zuppinger has recenth' expressed the opinion that esophageal 
carcinomas should be a relativel}' favorable type for radiation, since for 
the most part they are epidermoid in structure ( Pflasterzellkarzinome) , 
m a measure radiosensitive as opposed to glandular carcinomas. The 
author discussed his technic and reported the cases of 4 patients treated 
by his methods. Aside from the assumption that the epidermoid tumors 
are more sensitive than the glandular growths, Zuppinger has nothing 
to say regarding specific radiosensitivities. In fact, if one judges by the 
case reports in the paper, glandular tumors (carcinoma C3'lindrocellulare 
adenomatosum and carcinoma solidum simplex et colloides partim adeno- 
matosum C3dindrocellulare), actuall 3 - gave better responses to radiation 
than did the epidermoid tumors, thus seeming to offer denial to 
Zuppinger’s original premise. He concludes with the statement that the 
histologic findings are a guide to the choice and amount of treatment, 
although preciseh' how that conclusion can be drawn from the subject 
matter of his paper I am unable to state. 

I am inclined to question clinical evidence tliat glandular carcinoma 
of the cardia is either more or less sensitive than epidermoid cancer of 
the esophagus. j\Iuch of the symptomatolog 3 ' of carcinoma of the 
cardia depends on actual obstruction, whereas in the esophagus the 
presence of ulceration marked^ interferes with the function of an organ 
the seat of a vigorous peristaltic wave motion. \\ holl 3 ’’ different 
mechanisms may well be the basis for clinical alterations following 
irradiation, and unless one has a rather broad concept of what is meant 
b 3 ^ radiosensitivit 3 % the matter appears too vague to discuss. 

CARCIX05IA OF THE STOM.tCH, COLOX AXD RECTUM 

The epithelium of the stomach is not ver 3 - radiosensitive. Of the 
gastric glands, those of the pyloric region appear most resistant. The 
peptic glands are less so. Both parietal cells and chief cells are 
moderate^ sensitive, especiall 3 ' the latter (Regaud and Lacassagne 
The epithelium of the intestinal villi and that of the glands of Lieber- 
kiihn are relative^ sensitive. For a description of the irradiation of 
lesions of the gastro-intestinal tract, the reader is referred to the paper 
of Regaud, Nogier and Lacassagne.^^ 

Unfortunateh’, the comparative sensitivit}' of certain portions of the 
gastric mucosa seems to have little bearing on the behavior of gastric 
eanccr. Radiosensitive gastric cancers are rare. Furthermore, there is 

Zuppinger, A.: StraWenthcrapie 28:639, 192S. 

-ia. Regaud, C. ; Rogicr. T.. and Lacassagne, .A.: .Ardi. d'eiectric, mcd. 20: 
''-h 1912; Pari? mcd. 8:489, 1912. 
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essentially no information available on the relation between tumor 
structure and the rare favorable response to radiation. Occasional 
encouraging results of irradiation have been obtained in several clinics 
(Holf elder, Schmidt,^’' Werner and others). At the Memorial Hos- 
pital I have seen a few palliative results and an apparent cure, now of 
nearly four years’ duration. This patient had a bulky inoperable lesion 
filling the fundus and obstructing the cardia. She was subjected to 
laparotomy, and a biopsy specimen was obtained. The microscopic 
diagnosis (Ewing) was a cellular, small cell, diffuse carcinoma. Under 
irradiation the mass completely vanished, and the patient remains well. 
Personally I am not wholly satisfied that the tumor is not a gastric 
lymphosarcoma. I have observed other favorable, but onl)'- palliative, 
results with tumors of the cardia. It is interesting to note that Holfelder, 
ten years ago, stated that carcinomas of the cardia and lesser curvature 
were more favorable for irradiation, although he based his statement on 
technical grounds. He saw no means of predicting irradiation behavior 
from the gross form or microscopic structure of the tumors. 

Schmidt reported the results of irradiation in 30 cases of gastric 
cancer. Only 1 highly favorable result was obtained. Twenty-one of 
the patients died, and 8 were lost sight of. Twenty-nine of the 30 were 
inoperable cases ; the other was a postoperative recurrence. Schmidt is 
frankly pessimistic even as regards the apparent cure. He stated: 

Mag der eine oder der andere Fall radiosensibler sein und die Ursache nach 
Analogic anderer Tumoren in biologischen Eigentiimlichkeiten (regere Zellteilung?) 
zu suchen oder mag es sicli in unserm Fall um eine der seltenen Remissionen 
gehandelt haben, die nicht durch die Strahlentherapie hervorgerufen sind, auf jeden 
Fall ist das Fazit aus unseren bisherigen Bestrahlung so wenig ermutigend, dass 
wir nach dem heutigen Stand der Dinge mit Jiingling nicht einmal das inoperable 
Magencarcinom systematisch bestrahlen. (Maj’^ certain cases be more radiosen- 
sitive, and may the cause, by analogy with other tumors, be found in biologic 
peculiarities [more active cell division?], or may our case have been one of the 
rarely occurring remissions that are not produced by ray therapy; at any rate, 
the conclusion derived from our irradiation up to now gives little encouragement, 
so that on the basis of the present status of the matter we agree with Jiingling 
and do not employ systematic irradiation even in inoperable carcinoma of the 
stomach.) 

With the exception of a few bulky, cellular, papillary adenocar- 
cinomas of the cecum, the carcinomas of the large bowel appear radio- 
resistant. Rectal carcinomas vary greatly in their sensitivity. 
Lacassagne found the majority of them resistant. In reviewing 

46. Holfelder, H.: Strahlentherapie 15:715, 1923; 42:497, 1931. 

47. Schmidt, Walter: Strahlentherapie 30:197, 1928. 

48. Werner, R., in Gauss, C. J., ct al. : Lchrbuch der Strahlentherapie, Berlin, 
Urban S: Schwarzenberg, 1925, vol. 2. 

49. Lacassagne, A.: Radiophj's. ct radiotherapie 2:577, 1932. 
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sections on several hundred rectal cancers, I find that I am unable save 
rarely to predict the behavior of a rectal carcinoma to radiation. The 
stenosing fibrocarcinomas are certainly radioresistant. Ihe colloid 
carcinomas are resistant. Very cellular, solid, infiltrating carcinomas 
with essentially no glandular structure often regress, but tend to recur 
rapidly in a few months. Adenoma destruens varies markedly in its 
behavior. Radiosensitivity has been noted especially with papillary 
glandular tumors composed of peculiarly delicate-looking, hydropic 
cells resembling embr3'onal cells. There is little in the histology of rectal 
cancer which would lead one to suspect radiosensitivity. In fact, usually 
all the features point to a resistance-glandular origin: the presence of 
secretion, desmoplastic features in tumors of fair duration, pronounced 
fibrosis in the stenosing t3"pes, ulceration and deep infection. Despite 
3’ears of effort in the direction of cure of rectal cancer by radiation, 
successes are few. At the Memorial Hospital it is the feeling that 
operable rectal cancer is usuall3'' a surgical problem unless the tumor is 
small and readil3'’ accessible. Binkle3'' has 22 patients well from two 
to seven 3'ears after irradiation or irradiation plus colostom3^ In most 
instances it must be understood that rectal cancer is cured not because 
it is radiosensitive, but because it has been subjected to caustic interstitial 
irradiation. Perhaps the majorit3' of rectal cancers are sufficiently 
sensitive to permit considerable palliation b3’^ external irradiation. Pallia- 
tion consists in reduction in the size of the tumor, cessation of mucous 
discharges and hemorrhage, diminution in ulceration and relief of pain. 
These facts are common knowledge in all radiologic centers. At the 
Conference on Cancer held in London in 1928, successive reports were 
made b3’' Lockhart-Mummer3%®’^ Quick,"" Neuman and Cor3m,'''' Hart- 
mann and Gordon-Watson.^" To me the tone of these papers is rather 
discouraging. In a later paper, Gordon-Watson, although expressing 
himself with considerable caution, concluded that “although there is 
little hope for a patient under thirt3’’, afflicted with rectal cancer, how- 
ever treated, he has more chance of cure with radium than with 
surger3'. • • • The more active the growth the more radiosensitive 


50. Binkley : Personal communication to the author. 

51. Lockhart-Mummery, J. P. : Report of the International Conference on 
Cancer, New York, William Wood & Company, 1928, p. 117. 

^— * Quick, Douglas I Report of Ihe Jnlernatif>nnl Conferenre on Cancer, Isew 
^ork, William Wood & Company, 1928, p. 12.i. 

53. Neuman, F., and Coryn, fk : Report of the Inlernalional Conference on 
Cancer, New York’, William Wootl I'.' Company, 1U28. p. 128. 

54. Hartmann, Ilcnri; Report of tlie Inlernalional Conferenre on Cancer, 

New York, William Wood .k I"/8. p. 107. 

55. Gordon-Watson. Charles- Rep'.il of the lnlernalion,,l Conference on Can- 

«r. New York, William Wo'al /: < ompno, P lO'i; Atm .Vnti' 93:107, I9.U. 
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it is.” Our best temporary regressions under external irradiation have 
been in cellular tumors in young subjects. 

The situation is quite different in the case of epidermoid carcinomas 
of the anal canal. These tumors exhibit the usual sensitivity of 
epidermoid carcinomas elsewhere. Of the miscellaneous gastro-intestinal 
tumors, the lymphosarcomas, leukemic lymphomas and aleukemic 
lymphomatous tumors are radiosensitive. The melanotic tumors are 
extremely resistant. Nothing is known of the behavior of the rare 
myosarcomas, nor of the benign carcinoids which occasionally yield 
metastases. 

CARCINOMA OF THE BREAST 

Cancer of the breast is not a single anatomic disease, but consists 
of a group of related pathologic entities which behave clinically dif- 
ferent and which show differences in their response to radiation. Most 
cancers of the breast are relatively radioresistant. As a general rule, 
it may be stated that the quantity of radiation delivered in most 
instances to any cancer of the breast by tbe external radiation so far 
employed is insufficient to control the disease. Calculated in terms of 
interstitial radon, the dose required to sterilize the average cancer of the 
breast appears to be in the neighborhood of 10 skin er}dhema doses. 
This would, of course, seem to make interstitial treatment imperative. 
Delivered by diffuse external irradiation, the dose necessary is certainly 
less, and it is our opinion that the possibilities of external irradiation 
in the control of cancer of the breast have scarcely been touched. 

Undoubtedly a certain number of carcinomas of the breast are so 
situated and of such size that they may be successfully attacked by 
radiation with interstitial radon. They are sufficiently sensitive to yield 
to such radiation in quantities insufficient to cause normal tissue slough. 
Yet I am not impressed with interstitial radon seeds in cancer of the 
breast. For the most part, the tumors are so resistant and the chances 
of accurate seed placement are so hazardous that the irradiation effect 
is spotty. In a number of cases so irradiated I have seen great irregu- 
larities in the effect on the tumor. Areas of total irradiation necrosis 
alternate with others where I can see little effect of the radiation and 
where the tumor cells appear fully viable. Tbe reactive fibrosis is like- 
wise irregular and often abortive. Most of these tumors were studied 
b}’ large Cheatle sections, giving an excellent survey of the whole local 
process. Even when the clinical evidence points to a remarkable 
shrinkage in the size of the palpable lesion viable cells may still appear 
microscopically. They may also appear, as is well known, in clinically 
quiescent lesions in patients who have passed the five year period. 

The spotty character of interstitial seed radiation appears particularly 
in the axilla. I have never seen satisfactor}’ irradiation of axillary 
nodes by this method. On the other hand, the reports of Geoffrey 
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Kej-nes on the use of long- radium needles are impressive to SKy the 
least. Attempts to duplicate KcA’iies work, with radon wires instead of 
needles, have not yielded histologic results that impress me, although 
several excellent clinical regressions have occurred. In the earlier cases 
the patients received too heavy a dose. An attempt to follow this treat- 
ment by radical surgical inter\-ention led to serious necroses of the wall 
of the chest. Apparently when sufficient radon has been administered 
to destroy completely a large resistant cancer of the breast, the local 
tissues are so damaged that additional interference with the blood sup- 
ply in the course of a mastectom}’^ tends to produce sloughing of the wall 
of the chest and prolonged infection. In some instances the paratysis of 



Fig. 8. — Carcinoma of breast: 1 indicates an infiltrating large cell duct car- 
cinoma; 2 , an intracj-stic papillar>- adenoma malignum; 3 , a metastatic deposit in 
the axilla containing both histologic types. 

reactive tissues is such that cancer has recurred exuberantly in the 
wall of a foul irradiation ulcer. The average mammar}- cancer is so 
resistant that I personally doubt the feasibility of attempting complete 
destruction by interstitial irradiation unless the lesion is small and 
accessible. 

Interstitial irradiation of a large tumor can yield little or no infor- 
mation on the sensitivity of different ty'pes of cancer of the breast. One 
rnust depend for information on the behavior under adequate amounts 
of external irradiation, i.e., a diffuse uniform source of energy’ and 
not irregular, scattered, caustic radiation. Under those circum.=tanccs 


56. Keynes, Geoffrey: Erit. T. Surg. 19:415, 19.52. 
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one may observe wide clififereiices in behavior and, unfortunately, dif- 
ferences which are not easily related to structural type, although I 
believe well defined tendencies toward constant behavior may be noted. 
There exists first the bulky adenoma malignum or adenocarcinoma 
developing in cysts or dilated ducts (figs. 8, 9 and 10). This tumor 
may long maintain its encapsulation and grow to large size and show 
marked cellularity without involving the axillary nodes. There is a 
pronounced tendency to undergo spontaneous infarction. This ten- 



Fig. 9. — Radiosensitive carcinoma of breast. Its relative sensitivity is dependent 
on its papillary character and blood supply (region 2 of fig. 8). 


deucy is accentuated by irradiation. These tumors regress under irradi- 
ation, yet there is evidence that the effect is not on the tumor cells but 
on the blood supply. Once outside their capsules and hence less 
susceptible to infarction, these tumors are radioresistant. The less 
cellular tumors, particularly those with well developed glands and little 
removed from benign intrac 3 'stic adenomas, undergo chronic sclerosis 
and calcification under irradiation. When subsequently excised, they 
are apt to show atrophy of the cells, pronounced hyaline thickening 
of their vessel walls, obliteration of the vessels with calcification and 
deposits of calcium in necrotic tufts of tumor cells. 
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Comedocarcinomas are apt to be moderately radiosensitive when 
confined to ducts. They undergo necrosis, and masses of sloughed 
tumor cells impregnated witli calcium replace the active process. When 
a comedocarcinoma infiltrates beyond the wall of the duct, the infil- 
trating portions are readily seen to be much less sensitive. 

There is a type of cancer of the breast which originates in multiple 
foci throughout the whole duct system or which spreads diffusely 



through the entire duct apparatus of the breast (fig. H)- This type, 
^'hen seen “early,” gives the clinical picture of an ill defined diffuse 
uiduration. The breast is usuallv large and fat. A pig-skin appear- 
f'^^e is often a prominent feature. The skin is often thickened, and 
'nfiammatory features are relatiA'ely common, although it is known 
t ■'at inflammatory carcinoma” does not necessarily mean any .‘specific 
morphologic type. The entire breast may be edematous. The edema 
's presumably due to a diffuse plugging of periductal lymph.atic.' b,- 
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tumor cells. Whereas much of the duct system may *be involved by 
cancer, these breasts are sometimes difficult to recognize as cancerous 
in the gross. The appearance is usually that of a diffuse fibrous mas- 
titis. The presence of rather too much induration, the diffuse dimpling 
of the skin, the large fat lobules, which usually bulge on section as if 
relieved from restraining fibrosis, and especially a fine nodularity of 
the duct system should lead to the diagnosis of this type of cancer of 
the breast. Definite tumor masses may be a late (Recurrence, and by 
the time these occur the breast usually tends to be smaller than the 



Fig. 11. — Bilateral diffuse duct cancer. Right breast, infiltration limited to 
periductal lymphatics; relatively sensitive; left breast, later stage with much infil- 
tration, formation of bulkier masses, fibrosis and retraction; resistant. 


opposite organ, although the high fat content impedes contraction. 
These diffuse duct cancers are usually radiosensitive, and after external 
irradiation it may be extremely difficult to detect cancer in the amputated 
specimen. In one instance, after rather moderate irradiation, I searched 
through 20 suggestive areas microscopicall}' before finding a few atrophic 
cancer cells. When definite masses are present, the irradiation effect is 
much less, and I know of no evidence to show that the lymphatic exten- 
sions of this type of cancer behave any differently from others. Any 
precise explanation for the obseiwed sensitivity of this type is lacking. 
It must be remembered that the tumor infiltration outside of the ducts 
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and periductal lymphatics is slight. The tumor cells occupy narrow- 
strands 1 or 2 cells thick. Their blood supply has not gone far 
toward established autonomy. The irradiation results in a marked 
increase in the edema, which, as has been stated, is often present before 
treatment. This may be the result of swelling of tumor cells within 
the plugged lymphatics. This edema may in a measure interfere with 
cell-fluid exchanges and lead to intoxication, thus rendering the tumor 
cells more vulnerable to the radiation. As usual, one must differentiate 
between sensitivitv and cure. These tumors are not curable by surgical 



intervention, nor have thev been cured iw radiation. They meta.'-tasize 
early and diffusely, 

Knox - expressed the belief that there is reason to think tliat tlie 
niore differentiated cancers of the breast are more .•'iisceptible to rafli- 


^tion. This accords with my own belief ns regard.- the intraductal 
adenocarcinomas and the comedo types. I believe that there i' a gronji 
<if small cell, diffusely infdtrating. highly malignant duct cancer> which 
are apt to be highly sensitive (fig. 12 i. Tiiey yield rapid. ditTu-e imta- 

57. Knox. I.. C. : R.ndiology 1^2S. 
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stases, and I believe them unsuited for surgical intervention. Outside 
of the types mentioned I cannot predict the radiation behavior of 
cancer of the breast with any degree of accuracy. I am usually more 
surprised at the regressions than at the failures to secure regression. 
One fact impresses me strongl}’^ and that is that, jjrovided the tumors 
are not too large, infected, desmoplastic or fixed to surrounding struc- 
tures, the radioresistance diminishes as one a])proaches a reasonable 
dose. This dose is not that attained h}’- the usual breast “cycle.” Exter- 
nal irradiation can make little progress in cancer of the breast so long 
as the radiologist must leave the area of skin in condition to withstand 
radical mastectomy. 

Regression of axillary disease is often excellent. I have seen the 
most satisfactory regressions after treatment through 5 portals, deliver- 
ing about 550 roentgens each. The nodes may disappear or undergo 
extreme fibrosis. They are replaced by finer or coarser collagen fibers, 
and the lymphoid tissue is greatl}' reduced. We have seen the beginning 
of fibrosis twenty-one days after irradiation. It originates in the peri- 
vascular region of the trabeculae, although at this stage the vessels 
themselves appear unaltered. Capsular fibrosis is just beginning. The 
fibrosis appears in regions of the node involved by cancer and to not 
nearly the same extent in uninvolved regions. Residual tumor cells 
appear small, atrophic, hydropic and isolated in fibrous tissue. The 
process is one of earl)'’ abortive fibrosis. These results in the axilla 
equal the best I have ever seen by interstitital irradiation of the breast 
itself, and are vastly better than anything previously ohsei'ved in the 
axilla after interstitial irradiation given in this hospital. Nodes which 
contain cancer undergo pronounced sclerosis after doses that are tolei- 
ated without perceptible effect by normal or hyperplastic nodes (figs. 
13 and 14). The normal lymph node is a relatively resistant structuie. 
The 5 portal method has given several excellent clinical regressions of 
axillary disease in addition to those actually observed in specimens aftei 
operation. I have been much encouraged with these results, and am of 
the opinion that, were this type of radiation developed to a maximum of 
efficiency — perhaps with variations in quantity and time factors much 
more might be accomplished in the axilla. We have seen similar histo- 
logic pictures in axillary nodes after a 3 portal irradiation. The tumoi 
received about 130 per cent skin erythema dose. With this dose 
effective in the axilla, it seems extraordinary that any average primary 
tumor of the breast should require in the neighborhood of 10 skin ery- 
thema doses for adequate sterilization. There is something spotty 
about the effect of interstitial irradiation by radon seeds in cancer of 
the breast which does not appeal to us. It must mean merely that such 
tumors are difficult to outline with accuracy. Because axillary nodes 
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disappear with irradiation, we do not believe that the patient becomes 
a fit subject for radical surgical intervention. 

The effect of irradiation on mammary cancer is similar to that on 
other relatively resistant tumors. Interstitial treatment produces nec- 
rosis of tumor cells, karyorrhexis, giant atypical nuclei, atr^pical mitoses, 
atroph}-, hydropic degeneration, acute capillar}- necrosis, hemorrhage, 
eventual obliterative arteritis, fibrosis, hyalinization of the stroma, cal- 
cific deposits and the whole gamut of changes ascribed to irradiation. 



Fig. 13. — .'\xillary node, cancer of breast; residual atropliic tumor cells after 
relatively heavy external radiation. 


External irradiation produces cell degeneration to a lesser fiegree 
(naturally since the doses have been smaller). The changes in the cells 
after external irradiation are mainly atrojthv and hydropic degeneration. 
Obliterative arteritis from external irradiation is marked and i.- an 
important factor in restraint of growth, ]>rol)al)lv the most imi>ortam 
in resistant tumors of the breast. .Xfter interstitial irradiation then- 
ni.ay occur a curious s(|uauious metaplasi.a of ducts and acini oi a<!iacent 
loliules of the breast. Mecause small tumors remain p.'dj able in tin- 
heavily irradiated breast, this i' no positne e\idence ti;a: the;. rem::n! 
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capable of further damage. Many writer.s have found atrojdiic tumor 
cells in tumors of the breast (and in other tumors) which were clinically 
cured. 

No discussion of the radiosensitivity of carcinoma of the breast 
would be even partially com])lete without noting the sensitivity of many 
dermal and skeletal metastases. 'J'here ai)])ears to he little relation 
between the sensitivity of a dermal metastasis and the behavior of the 



Fig. 14. — Axillary node, cancer of breast; complete sclerosis after external 
radiation. 


original tumor of the breast. The skeletal metastases of cancer of 
the breast are an exception to the rule that a bony bed is an 
unfavorable site for irradiation of a tumor. Skeletal metastases 
from cancer of the breast often act exceedingly well. Pain is 
favorably influenced over long periods. Pathologic fractures tend to 
unite (they may also unite without radiation), and there may be evidence 
of marked roentgenographic repair. It is interesting to compare the 
behavior of the skeletal metastases of cancer of the breast with those of 
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l'r<)^t;itic c.'iiuTr -Itiiili “laiidnlnr raiTtnimias of tlu- average sensitivity 
ot itlaiifinlai' eanetr--. 'I’lie latter n-iially yield disappointiii.Lj results. 
1 lie pulmonary uuiavia^e'- of eareinoina of tin; i)reast are luit rarely 
lutlueneed hy radiation. In ^ome iii'-tanees it is proI)al)le tliat tlie rate 
of arcnninlation of ]*Ienral eMidates is les'-ened. 

Aitliom,di no snlVK-ient serie- of ease-- is available for conclusions. 
It ai)]K'ars proliahle tli.at tlie radio.-eiisitivity of certain carcinomas of the 
breast in youmr women is increa'-ed followini^ roenti;en castration. In 
• act. in such cases improvemen: max lie noted without irradiation of the 
tumor itself. The influence of the ovary on the iihysiolo'.yv of the brea.st 
and on the "enesis of cancer of the breast has been admirably discussed 
bx’ iaylor " in a recent reviexx'. 

c.xkci.NdM.x OF Tin; n;KXT.\ 

There are marked diveri,a-nces of opinion concerning: the radiosensi- 
tivity of difTerent tyj)es of cancer of the cervix. Healy and Cutler^'’ 
have stated that the sensitivity increa.ses xvith the degree of anaplasia; 
the adult stjuamous cancers are the most resistant of the epidermoid 
group. The moderately differentiated epidermoid carcinomas, xvhich 
they designate as jilexiform epidermoid carcinomas, are more sensitix'e. 
iind the x’ery cellular anajilastic epidermoid carcinomas exhibit the most 
I^ronounced degree of sensitivity. Their conclusions xvere that the 
combination of degree of malignancy and radiosensitix’ity xx’as of con- 
siderable prognostic significance as regards cure. Reports from other 
clinics are at marked variance xvith this belief. Ddderlein, Doderlein 
and Voltz,"'’ in 1926, ottered some evidence xvhich lends support to this 
concept. They reported that of the cases of epidermoid carcinoma of 
the cervix in xvhich cures xvere obtained. 10 per cent xvere adult carci- 
nomas (gutgereifte Karzinome), 34 per cent xvere of the intermediate 
type (mittelgereifte Karzinome). and 56 per cent xx^ere undifferentiated 
funreife Karzinome). In 1930, G. Doderlein®* expressed himself 
xx’ith some caution on the subject ; 

Der Reifegrad der Carcinome scheint aber immerhin einer der Punkte zu sein, 
die fur die mehr oder minder gute Wirksamkeit der Bestrahlung x-erantxx-ortlich 
zu machen sind, uviiii auch noch cahlreiclic andcrc uiis bishcr uiibckaiuitc Faktoren 
aiisscr deni Reifegrad hierbei noch cine bedcutendc Rollc spicicn fitalics mine). 

58. Taylor, H. C., Jr. : The Etiology of Xeoplasms of the Breast ; With Notes 
On Their Relation to Other Tumors of the Reproductix-e System. Arch. Surg. 

21 : 597 (Oct.) 1930. 

59. Healy. W. P., and Cutler. :Max: .Am. J. Obst. & Gynec. 16:15. 1928. 

60. Ddderlein, .Albert; Ddderlein, Gustax', and A’oltz. Friedrich: .Acta radiol. 
6:335. 1926. 

61. (a) Ddderlein, Gustax-: Strahlentherapie (supp.) 13:21. 1930. (b) A'oltz. 

Friedrich : ibid., p. 128. 
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(The degree of maturity of carciimma.s ■.eems to lie .''till one of tlie factor.*- tiiat 
arc to be made respoiisilile for the greater or le^^er efiicacy of the irradiation, 
even if there are numerous other, .still unhuoxen factors, besides the dei/ree of 
maturity, zvhieh play an important role.) 

In another jtortion of the sanic article. Vh)lt/. stater] tliat tlic 
results of irradiation on cancer of the cervix are dependent on varia- 
tions in radiosensitivity jierhaps related to dilTerences in the det^ree of 
ripeness (Reife^rad) of the tttniors. In 19.31. G. Dfltlerlein reversed 
his previous opinion and concluded that the decree of ditTerentiation 
had little to do with cure hy irradiation. 

Lacassagne found rather .small dilTerences in the behavior of dif- 
ferent types of ejg’dermoid carcinoma of the cervix. He st.ated that 
an investigation of the relative frequency of cures in the squamous 

(Plattenepithel) and transitional ( CM)crgangsepithelcarcinomc) types 
shows a higher percentage of successes in the squamous forms and 
hence a lower sensitivity in the transitional variety. After all. Healy 
and Cutler did not claim a higher percentage of cures in the ple.xiform 
or transitional carcinomas. Their cures were much lower. They did 
not relate the fewer cures to a lack of sensitivity but to a greater 
tendency to metastasize. Lacassagne expressed the belief that the 
majority of carcinomas of the cervix show a high degree of radio- 
sensitivity. He found that the number of mitoses and the relationship 
of stroma and the blood vessels give no added information on the 
probable behavior to radiation. Warren stated that grade II carci- 
nomas of the cervix respond best to radiation. Thus, from different 
radiologic clinics there are all possible diflerences of opinion. The one 
fact on which all seem to agree is that adenocarcinomas of the cervix 
are radioresistant to a high degree. 

I do not see how the matter of the relative radiosensitivity of epi- 
dermoid carcinomas of the cervix can be decided with certainty on the 
basis of present methods. The statements as to the differences in sensi- 
tivity made by Healy and Cutler were after all based more on analogy 
than on observations. In estimating the sensitivit}"^ from histologic 
features the authors drew conclusions from the known behavior of epi" 
dermoid carcinomas in other locations, reactions of tumors similar m 
structure to cancer of the cervix. There are numerous difficulties in the 
study of the sensitivity of cancer of the cervix. First is the matter 
of dosage. 

The cervix itself is sufficiently radioresistant to tolerate enormous 
doses. In the physics department of the Memorial Hospital the dosage 
received by patients with lesions of the cervix in this institution has 

62. Doderlein, G. : Zentralbl. f. Gynak. 55:968, 1931. 

63. Lacassagne, A.: Strablcntherapie (supp.) 13:156, 1930. _ , ^ 

64. Warren, Shields : The Grading of Carcinoma of the Cervix Uteri a- 
Checked at Autopsy, Arch. Path. 12:783 (Nov.) 1931. 
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l»cvii c:ili'til;ili'(l. If ihc Ui”. 15) ih iiM'd. ])oiiit 15 . wliicli rcj)- 

ri'M-iith :i (ii>t.-nu*c nf 5 fin. fiom ilic l<iuiT c.'qi.'tilf of tlic cervix, rcccivc.s 
a])]iroxiinnicly jht cciu -Inn <‘r\llu-ina do.-c. I’oint 2 . I cm. di.stant 
irom tlui c.-qi^ulf. rccciviv per cciil .'■kin crvtlicma do.'ic. other 

re^.’ion.'; receivini; do^o inlermediate iietweeii the.'-e extreme.-. This rep- 
re.-eiils tile entire rariiation from all -oiirces received in tlie primary 
tre.atment and not that from tlie cap-nle.- alone. The first thin.q aiqjarent 
i.‘= the enormon- diminution in the (juantity of rariiation at a iioint a feu- 
centimeters away from the Iari;e.-t .-otirce. The iiortions of the tumor 
near the radiatin;: caji.-nle.s are overdosed. .V few centimeters farther 



Fig. 15. — Cervix tandem and bomb in position. The distribution of points is 
discussed in the table on dosage. 

out the dose becomes less than sufficient to cure most epidermoid car- 
cinomas similar in type to the cervix group but occurring in other 
locations. 

All of the epidermoid carcinomas of the cervix receive the same 
treatment so far as it is possible to administer it. They all are sub- 
jected to doses which are of caustic intensity at the nearest portion of 
the tumor and which are too feeble greatl}- to affect a tumor lying in a 
radius of beyond 5 cm. This fact makes me believe that it is difficult 
to estimate radiosensitivity by the percentage of local cures. To do this 
satisfactorily would seem to require a much more homogeneous irra- 
diation of the field. When recurrence is noted, it is essentially impos- 
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sible to state from whence it ])rocccds. Is it really a local recurrence, 
does it spread backward from a point in the lit,duly irradiated periphery 
or does it extend down from the uterine body? Jn other words, it is 
not known how much radiation the point from which the recurrence 
proceeds received in the initial treatment. Were the doses lower and 
more homogeneous, much more information might he obtained. That 
is really the way they were obtained in other locations, and a sort of 
average limen of sensitivity was established. 

Speed of regression following treatment might he expected to fur- 
nish some estimate of radiosensitivit}'. However, there is little satis- 
faction in clinical examination of the cervix during an acute reaction 
to radium. 

I believe that there is a definite discrcj)anc\' between the grading 
of cancer of the cervix b}’ Doderlcin and by tbe staff of the iMemorial 


Dosages at Various Points in Figure 15 



Dose (% Skin 


Dose (% Skin 

Point 

Er)'thema Dose) 

Point 

Erytliema Dose) 

1 

2,060 

9 

870 

2 

5,690 

10 

735 

3 

1,510 

11 

715 

4 

3,585 

12 

610 

5 

590 

13 

495 

6 

1,035 

14 

... 485 

7 

1,205 

15 

335 

8 

970 



Hospital. 

We differ considerably 

from Doderlein 

as to what consti- 


tutes an undifferentiated carcinoma. The grade III anaplastic carci- 
nomas considered highly radiosensitive by Healy and Cutler are far 
different from the solid unripe carcinomas of Doderlein as judged by 
his excellent colored illustration. It seems to me that Doderlein’s pic- 
tured unripe, solid carcinoma is an infected, degenerating, rather adult, 
squamous type and not at all similar. to what we consider the highly 
radiosensitive variety. Furthermore, there are marked discrepancies m 
the relative numbers of different types of cervical epidermoid carci- 
nomas in Doderlein’s material and in ours. Doderlein found that the 
majority of his tumors belong in the unripe group. In the material 
from the Memorial Hospital, which averages about 175 new cases per 
year, I find not more than from 10 to 12 per cent in the anaplastic 
radiosensitive group. It is obvious that such large discrepancies must 
lie in the method of grading. Heal}'^ and Cutler’s conclusions cannot, 
therefore, be compared with Doderlein’s. As to statements that cure is 
a function of radiosensitivit}', I know of little to justify them. Cure 
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-’I lar innrc malti-r ni caufcr ui tlu' cervix. I believe 

that tliere are liiliereiua-'- in the ^eii'-iiivil y of cancer of the ccrvi.x; that 
the cellular. <ii^o! ^^.ini/eil. ana.pla^tic varieties re'-emhliny .'^oliri cliffn.'-e 
transitional cell e.iia-inonia are hir:hl\ radiosi-nsitive ; that there are 
essentiall)' no dilierence'- between the fnll\ adult and the sliyditl}- less 
adult ]>li'xiiortn Ivpe-- of Ilealv .and ('ntler. .and that there is little if 
ony relation betwaa-n ^en^ttixitr .and taire with the inethftds paMierall}’ 
employed in the ticatinent of ei)tdernn>i<i c.arcinoina of the cervi.x. Only 
tittle will tell, 

( oKft S » .\i;< INOM \ 

here.as a considerable liieratnre exists on the relation of structure 
to r.adiosensitivity in carcinoin.a of the cervix, there is little available on 
corpus carciiionia. ‘i'heta- are nunierous st.aiistics of curability of corpus 
carcin()nia by radium, but practicalh none on radiosensitivity. It has 
loll" been kmown that there are marked ditVereiices in the ])rognosis 
oi dilierent types of cori)Us cancer. .M.ahle.'-' for instance, found no 
deaths from gra<le 1 adenoma nialignttni and no survivals after surgical 
intervention for grade I\'. conijiletelv undirferentiated carcinomas. 
Lindsay''' contirmed these results and found that embryonal carcinoma 
fdifluse carcinoma, grade I\’) \ields better to irradiation than to sur- 
gical intervention. 

It is not my jturpftse to discuss the comjiarative value of surgical 
intervention and irradiation in the treatment of corpus carcinoma, but 
merely to ascertain the prevailing opinion on the relation of structure 
to sensitivity. The onlv work dealing especially with these matters is 
that of Healy and Cutler.'” These authors have divided their corpus 
carcinomas, with the exception of adeno-acanthoma and adenomyocarci- 
noma, into four groups. Group I consists in the papillary malignant 
adenomas. This is a characteristic form in which the growth is super- 
ficial and entirely papillary (fig. 16). The papillae are low. the cells 
‘ire not atypical, and there is no infiltration. Some cases are difficult 
to distinguish from adenomatoid endometritis. Cures have followed 
curettage alone. Group II comprises cases in cvhich the uterine glands 
are markedl}" elongated and enlarged. Thee- are thrown into folds and 
convolutions to form papillae. The cells are cuboidal or cylindric and 
are arranged in compact layers about the gland lumen (fig. 17). The 
nuclei are h 3 -perchromatic. Mitoses are often abundant. The stroma 
IS scant}-, and adjacent glands come in direct contact. Polarit}- of the 
cells is ever}wvhere maintained. Group III. adenocarcinoma, includes 
all cases in which the tumor forms solid masses of cells (fig. 18) which 
grow- in cords or columns. There is definite loss of cell polarity. The 

65. Mahle, A. E. : Surg., Gynec. & Obst. 36:385, 1923. 

66. Lindsay, W. S. : Surg., Gynec. & Obst. 44:646. 1927. 

6/. Healy, W. p., and Cutler, Max: Am. J. Obst. & G.vnec. 19:457. 1930. 
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cells are more atypical. Not infrequently portions of the tumor show 
adenoma malignnm and others show adenocarcinoma. In such circum- 
stances the tumor is classed as adenocarcinoma, 'i'he glandular arrange- 
ment is maintained though more difTtise. solid and atypical. In grou]) 
IV, diffuse (embryonal or anaplastic) carcinoma, cell jwlarity is com- 
pletel}" lost. Glandular arrangement is al).scnt. The growth is diffuse 



Fig. 16. — Corpus uteri ; papillary adenoma malignum, grade I. Not per se 
sensitive, but usually superficial and within range of more caustic action of radium. 

(fig. 20) and is composed of small round and poh'hedral cells, closely 
packed, growing in sheets and cords. Nuclei are small and hyper- 
chromatic, and the cytoplasm is scanty. There are marked signs of 
anaplasia. There is complete loss of differentiation. Mitoses are abun- 
dant and often atypical. The tumor may be difficult to distinguish 
from the anaplastic epidermoid carcinomas of the cervix so great is the 








)'./ v>// /;■// )■ (>/■ ir.Moh-s loii 

<>l «li!u i< n!!;i!iiin, Tiii-- i>i iiiiiinr \v;i>' I'ouiu! in 12 ])ct cent 

"I the on^c'- (if i!<;ii\' ;in(! ( r.tlcr ’l'in-\ rt']v()rtr(! 2 casi's of iiiuiMial 
intvrot in (icinon'-iratini; 'lie ]ni:Ii ^cn^itivily of ”ra<Ic I\’ anaplastic 
carcnumia. In (inc. followin:,’ a 'inci*' l'>'c voIla"{' c\cli“ to tlic jiclvis 
I i-xaci (lo^c not spccilicd) . the ntcrn- '•howrd rai)ifl diininntion in size, 
ami hystcrccionn tlncr week'- l.iitr rcvivdi'il massive necrosis of the 



tumor with but shadow cells remaining. Another patient with an 
advanced lesion and a uterus which extended 8 cm. above the symph} sis 
remained well five vears after moderate irradiation. After fiA e \ ears 
she underwent hvsterectomv for suspected p}'ometra. since which opera- 
tion she had reinained well fsix years). That this last patient was only 
clinicallv cured for the eleven vear period and not pathologicalh cured 
'•s unfortunatelv attested bv the fact that about two years after the 
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appearance of Healy and Cutler’s paper, she returned to the lu)S{)ital 
with a massive peritoneal recurrence. This recurrence sliowed the same 
structure as the original uterine lesion. A])parentlv irradiation had 
caused restraint of growth over a number of \x‘ars. 



Fig. 18. Corpus uteri ; adenocarcinoma, grade III, slightly sensitive. The dis- 
ease is apt to be advanced. The results after either surgical intervention or treat- 
ment with radium are apt to be bad. 


Healy and Cutler regarded adeno-acanthoma (fig. 19) as radio- 
resistant. They stated that as a whole corpus carcinomas are but 
slightly sensitive, with the exception of the anaplastic group. The cura- 
bility of the lower grades of corpus cancer is less dependent on sensi- 
tivity than it is on the superficial character and accessil)ilit,\' to large 
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•iinniint> (>i intr.i-utcriiu- r;i<iiiiin. Tlu' idi-.'is iRTtaiiiinij to tliu resistancL* 
<•1 tile aviTatic corpii-' rarcitionia ar<‘ held not oii]\- at the Memorial 
Ho.-ijital. lull ;ii tin- Kadimn hi-titiite <ti’ Paris ( Keetaiid ■’). It siioiild 
•iiram Ilf enijihasized that the radioresistancf of these tumors does not 
mean tliat many cannot he cured hy radium. Cures are dependent on 



Fig. 19. — Adeno-acanthoma of corpus uteri ; radioresistant. 


many things other than sensitivitt', and a discussion of curability is 
°reign to the purpose of the present paper. 

CARCI.VOJt.A. OF THE VAGIXA AXD OF THE VULV.t 

These tumors are similar in structure to the epidennoid carcinomas 
of the cervix. The impression one gains from the radiologic literature 
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retarded. The patient is living after nearly four years, but the disease 
has not disappeared, and is now showing activity. 


CHORIONEPITHELIOMA 

Schmitz and Hueper ” reported favorable results in the radiation 
treatment of chorionepitheJioma. Wintz stated that chorionepitheli- 
omas are much more sensitive than the normal uterine tissues and con- 
siderabl}" more sensitive than the usual uterine carcinomas. Fortunate 
is the clinician wlio can gather a sufficient number of choriocarcinomas 
to make reasonably certain of their radiosensitivity. Syinmers (Gor- 
don '■') found 1 probable choriocarcinoma among 35,000 surgical speci- 
mens and during 8,000 autopsies at Bellevue Hospital. The number 
might be expected to be proportionateh'’ larger in a special hospital for 
patients with cancer. Yet I can recall but 3 among the last 20,000 
specimens. Ihe author who believes that he has obtained cures in any 
considerable number of cases of choriocarcinomas b}^ any means must 
first triply assure himself that what the pathologist has called chorio- 
carcinoma is not chorio-adenoma destruens, syncytial endometritis, 
sync 3 'tioma or even early normal gestation. The diagnosis of chorio- 
carcinoma presents many difficulties and must be made with caution. 
Although possibly not pertinent to uterine choriocarcinoma. I have 
observed relative radioresistance in embryonal carcinoma of the testis 
when choriocarcinomatous structures were present. There is much in 
the structure and origin of choriocarcinoma which would lead one to 
believe that it is radiosensitive, but no confirmatory body of proof in 
sufficient quantity is as yet available. In a recent paper Eymer 
expressed doubt that all choriocarcinomas possess a high radiosensitivity. 


MALIGNANT TUMORS OF THE OVARY 
The ovar}^ is a complex organ. Malignant tumors of the ovary arc 
widel}^ different histogenetically. Moreover, the histologic origin o 
certain ovarian tumors is by no means clear!}" understood. Much ess 
is known concerning the correlation between tumor t}’pe and rar to 
sensitivity in ovarian tumors than, for example, in carcinoma o t le 
cervix, in which the histogenesis is relatively simple. 

The diffuse embr}-onal carcinomas of the ovarj" (embryonal caro 
noma with lymphoid stroma; seminoma ovarii) parallel 
similar tumors of the testis in their response to radiation. 1 w} < 
radiosensitive, often highly so. The reader is referred cspec.aih 

"iTsH^tz, Henry, and Hueper, Wilhelm: Malignant Chorionepithehnma 

Uteri, J. A. M. A. 95:1413 (Nov. S) 1930. 

74. Wintz, H.: Miinchen. med. Wchnschr. = 

75. Gordon, O. A.. Jr.: Surg.. Gynec. & Obst 36:242, 1923. 

76. Eymer, H. : Strahlentherapie 44:241, 193-. 
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work of Jean Hochc." Hoclic discussccl tlic similar rcsi)oiiscs to radia- 
tion shown by “seminomas" of tlic testis and ovary. He reix)ited but 
a single case and seemed to assume tliat these dill use emhi Non.d tumors 
of the ovarv will behave much like the corresjrondiug testicular group. 
At the Jilemorial Hospital it must be admitted that the same degiee of 
success in controlling “seminoma of the testis ami of the o\.ir_\ h.is 
not been obtained. The few cases of this tumor of the ovai }’ which h.ire 
been seen have not been successfully controlled. Massive regression 
mav be expected, but massive recurrence with gradually increasing 
resistance has occurred. It may be well to explain that we do not rec- 
ognize in ‘‘seminoma” a tumor of adult origin as do Chevassu and 
many others, but prefer to regard it as a form of embryonal dilluse 
carcinoma. Furthermore, we have difficulty in separating this type 
from diffuse granulosa cell tumors. I have no good cx])lanation for 
our obserA’ation on the lesser success in controlling these ovarian tumors. 
It is possible that were an equal series of cases of tumors of the testis 
and of the ovary available, no essential ditterences would be a])parent. 

Granulosa cell tumors (fig. 21) are usually benign. Occasionally 
they may be malignant. i\Ialignant granulosa cell carcinoma is radio- 
sensitive. The initial regression may be marked. Clinically, complete 
regression or decided partial regressions in the cases at the Memorial 
Hospital have been followed by fairly prompt recurrence and death. 
The radiation administered was all the patient could tolerate, and the 
result cannot be assigned to inadequate therapy. 

The papillary cystic adenocarcinomas of the ovary are apt to 
exhibit wide differences in histologic structure. Different regions of 
the sarne tumor may show different structures, ranging from the 
adenomatous to the solid. Solid masses are intermingled with intra- 
cystic papillary adenomatous areas. The tumors are often mucinous. 
It is not surprising that they show no particular degree of radio- 
sensitivity. M'hen these tumors form diffuse implantation inetastases, 
opinions are conflicting as to whether or not they are sufficiently 
sensitive to permit retardation of growth after irradiation. Taylor'® 
saw no influence of radiation. Heyman,'® Ford®” and Strassman 
were more enthusiastic. At the Memorial Hospital experience has 
shown that the lower grades of papillary ovarian carcinoma yield the 
better lesults to irradiation. Of inoperable disease in which implanta- 
tion has occurred, only the low grade papillary adenoma malignum 
with psamm oma bodies has yielded marked anatomic regressions and 


//. Hochc, Fan. Bull. Assoc, iranq. p. I’etude du cancer 19:476, 1930. 

/8. Ta>-lor. H. C., Jr.: .Am. J. Cancer 15:2317, 1931 
79. Heyman. J. : Stralilentherapie 37:254. 1930. 

J- Obst. & Gvnec. 16:1 19^8 

SI. Strassman. in discussion on Sch5fer: Zentralbl. f. Gynak. 46:514, 1922. 
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Fig, 21. — Ovary; relatively sensitive granulosa cell carcinoma. Apt to recur 
and to show progressive increase in resistance. 


tion by irradiation is essentially nil. Patients whose lesions are 
producing intestinal obstruction have not been iienefited by irradiation. 
No information is available on the behavior to irradiation of flic large 
group of rare miscellaneous tumors of the ovary. 

Two recent papers have appeared dealing wholly or partially with 
ovarian neoplasms. Wintz reported that irradiation after inconifilcte 

82. Healy: Personal communication to the autlior. 

83. Wint'z. Hermann: Stralilentherapie 'I4;20b 1932. 
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operation has yielded -10 per cent three year eures anrl 25 per cent live 
year cures. He did not separate the tumors into their various types, 
hence his study, like so many others, affords no information in the 
field of radiosensitivity. Wintz stated, however, that the radiosensitivitv 
IS not definitely ascertainahle from the histolo.i,dc structnre. d'iie 
e.xtraordinary radiosensitivity” (jf granulosa cell tumors even with 
nietastases is emphasized hy Ilorak and the sensitivity of emhrvonal 
carcinoma { Eiiibryo::ytoiii ) hy Xemenow.’’ 

M.\LIGN.\.VT TL'.MORS f)I-' Till: KIUNKV 

The papillary and solid renal adenocarcinomas and the hv])er' 
nephromas are quite radioresistant and do not encourage the idea of 
cure with radiation, ^\'hcthcr or not tliey are sufiiciently sensitive in 
lare instances to permit of palliation by irradiation I am not prepared to 
state. Occasionally their diffuse anaplastic nietastases have jiroved 
quite sensitive, although the primary tumor showed no change ( figs. 
22 and 23). Such sensitivity is of academic interest only. In 
discussing the response to radiation of pulmonary nietastases of hyper- 
nephromas the observations of Ilumpus on the spontaneous dis- 
appearance of such lesions should not be forgotten. Papillarv 
epidermoid carcinomas of the renal pelvis have not been appreciablv 
influenced by the cpiantity of radiation reaching them from e.xternal 
sources. Data on their sensitivitv are lacking. 

The large group of embryonal tumors of the kidney offers more 
encouragement. These tumors show markedly varying structures. 
There is every stage from fairly well developed, adult-looking, tubular, 
renal carcinomas down to the diffuse embryonal adenomr-osarcoma of 
ilms. The degree of embryonal nature of these tumors is so varied 
t lat differences in the response to radiation must surely occur. Yet 
t lere are no observations which may be interpreted in a quantitative 
manner. Diffuse Yhlms’ tumors are often extremely radiosensitive. 
IS} e.xhibit regressions equaled onH by lymphosarcomas, some 
i>momas, the embryonal carcinomas with lymphoid stroma of the 
estis. the neurocytomas of the retroperitoneal group, rare lympho- 
epi le lomas and the endothelial myelomas (Ewings tumors) of bone. 

Mule the Wilms tumors show extraordinarj- regression under 
ernal irradiation, recurrence is almost inevitable. Once recurrent, 
’■'^'^'“’■^s'stance seems to develop, making each successive’ 
Furthermore, fibrosis and adhesions develop, 
surew T- " adjacent abdominal viscera to the tumor and rendering 
_^^r£^^tervention impossible. This has led to the assumption that 

S4. Borak. J.; Stralilentherapie 44:601, 1932. 
umpus, H. C. Jr. : J. Urol. 20:185. 1928. 
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if surgical intervention is to be done, it should follow the maximum 
initial irradiation regression. Barringer, in discussing these tumors, 
stated that their radiosensitivity diminishes with the increasing age of 
the patient. 1 his may he so, yet had Barringer’s cases been studied 
from the point of view of tumor structure, the influence of age might 
have had a different interpretation. The Wilms tumor is fortunatel}" 
not common. 1 he records of the Memorial Hospital report 16 such 
tumors. Of the 16 patients, 13 are dead, and the otlier 3 have been lost 
from observation. They are undoubtedly dead. Quite obviously, 








.S'7/-ir.-!/\’7— A'. ;/>/0.s/i.V.s/7/J77 I' ('>!' I f.UOA.S 


KUI 

\\ lien infarctinn exists, tine rnids. inicrnscnpicnlly. islands f)f liviii” 
tumor cells in masses of caseous or li(|uetied material. Such cells may 
show little evidence of damage hv radiation. Is it not jiossihle that 
the recurrence is due to persistence of viable cells in wide necrotic areas 
where there is little opportimitv for the develojimeiit of rapifl lil)ro.'i^? 
Persistent cells in the vicinity of well developed cajistdar vessels may 
likewise account for recurrences. 



CARCINOMA OF THE SUPRAREN.A.L GL.VNDS 

^ledullar}- carcinomas of the suprarenal glands are usually widelv 
metastasizing neoplasms. Nothing is known about their radio- 
sensitivity. Small cell neurocytomas of the suprarenal glands are 
exceedingly sensitive, thus behaving quite contrary to the group of 
neurogenic tumors as a whole, quite obviously because thev are 
nstogenetically quite different. 
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TEKATOJfA OF A TESTJS 

I r, f-. 
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sensitivity are lacking. There'is^ f observations on its 
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Fig. 24. — Testis; solid embrj-onal carcinoma; Chevassu’s seminoma; radiosensi- 
tive. 


doses. The prediction of radiosensitivity in embryonal carcinomas of 
the testis is based both on histoJog}" and on anatomv. 'riicre are 
marked differences in type. Adult teratomas are resistant, although 
when they contain more diffuse, embryonal areas, they ma\' regress 
without altering the clinical aspect of the testis, since the {)resence of 
residual adult bone, cartilage, mesenchyme, etc., renders tlic ina.s.-> 
pseudoresistant. Squamous carcinoma may develop in ca.se.s of coni- 














STlUrART—RADIOSIiXSlTll ITV Ol- TUMORS 


plex teratoma. This tumor is resistant. W’e have observed 1 embryonal 
tumor of the ^roin made up Iarp:ely of adult-look-inj,'' jt:lia tissue. 'I'liis 
tumor was resistant. In discussint^ embryonal tumors of tlie testis and. 
for that matter, elsewhere, it must be remembered that althou"h the 
tumors are of embryonal oripn. many rapidly attain an adult structure. 
The bone, for cxantjile. of complex teratoma is fundamentally a con- 







Fig. 2d.— Testis; more radioresistant embryonal adenocarcinoma. 

hidis!? f tumor, yet it may have attained a structure 

tumo ^ bone. Similar statements apply to other 

there'^^ °^’tside the testicular group. Among the embryonal renal tumors 
and tl'^ gradation between tumors of diftuse embryonal structure 
tumn,-^°^^ relatively adult nephrogenic tissue, although all of the 
's are of embryonal origin. 

tin adenoma malignum or adenocarcinoma (fig. 25) makes 

"1' >'» an, cure of ,.,a„y .es.icular e,„bryo„.as. The latter of these 
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(adenocarcinoma) is highly malignant and only moderately sensitive to 
any dose deliverable to tire tumor. This tumor produces, next to chorio- 
carcinoma, tlie most hopeless of the testicular metastases. Embr^-onal 
carcinoma rvith lymphoid stroma (fig. 26 ) is a highly sensitive tumor. 
Both the primary tumor and the metastases are sterib'zable by massive 
doses, ^^^e have a patient who has been free from disease for more than 
six 3'ears, in whom not only extensive abdominal metastases but also 
pulmonary and supraclavicular metastases were present. It is unlikelv 
that irradiation will duplicate this result frequently. Xevertheless. 



Fig. 26. — Testis; radiosensitive embryonal carcinoma uith lymphoid stroma. 


Barringer, Stewart ami .Spies were able to report 24 (30 per cent) 
of 81 patients with inoperable local recurrences anrl metastases free loan 
disease for from one to ten years. Radiation has entirely altered the 
prognosis of testicular teratoma, but the radiation itnist I>e far trom 
hotneopathic as to dosage. The first i^aticnt wttb terato.na ol tl.e te^to 
who was treated at the Memorial Hospital more than a decade ‘ 

iust returned for excision of a benign radmm ulcer ot the alKlonm a 
S'. « free fro... disca,,.. fftScr, already l.avr c,.,a,.r..„- 

-in^,acr, II. .S-i r. W., an.l .■r™. 1^'- = 

vm 
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In.>? 


and Im; me well mmf ihnn 'nvr yrars jiftcr trc.itinciil ftir 

one of the nio.-t )nnlii,>ii;mi tiiiiiMjs ii) the wlndr ralenory nf iirojtlnvtic 
diseases. 


It is our General iiujuvs^inn that tin- uul:i''t:i‘-i> of rnr- 

cinonias of the testis arc apt l'> In* nn'ie va<liu>ftivjiivc tiiau the piiiu:tvy 
lesions, htirtheriuore. primary tuut>trs <'f the same hi.'-tnlu”ie ly]>e slmw 
consideralile variations in th<- ilettree nf destruetion hy radiation. Small 
tumors tend to vanish more eomjdetely th:m larger ones. 'I'heir deslrnc- 
tion may he so complete that the ]>atholo”ist tmfamiliar with pathologic 
changes caused hy irrafliation may make an erronetni'. diagno,-is of 
gumma. T liis error lias heeii made in our lahoratory. In the larger 
tumors the local destruction witli tiie doses utilii^ed is often incomjdcte. 
There is often a narrow zone of vial>Ie tumor at the ])erij)iierv of the 
excised mass. 'I his zone emphasizes tlie importance of circulatory 
changes and infarction in the production of ilesiruction hy irradiation. 
The tumor nearest the normal testicular tissue is jirohahly hesl nourished 
and consequently is more apt to resist de.structiun. When tumors occujiy 
most of the testis and distend the tunic, rupturing it at one or more 
points, It may he noted that the [lortion outside the tunic remains viahlc. 
"hile that inside is necrotic. This may depend on the strangling elTcct 
of irradiation edema on cells within a tense tunic. 

Attention should he called to the sjnirimis radioresistance of 
embryonal carcinomas of the testis in some instances. Irradiation mav 


concert an active tumor mass into a necrotic hematoma which, of course, 
m s to diminish in size and which gives the impression that one is 
ea ing with a resistant tumor. Tins lias occurred esjiecially in chorioma 
u the testis, but also in other tyjccs. Cliorioma of the testis in itself is 
nely resistant. Its metastascs have given jioor reaction to radiation. 


CARCIXOMA OF THE URI.N'ARY BLADDER 

There is no available information on the relation of structure to the 
siW behavior of carcinomas of the bladder. I believe it impos- 

e to determine this matter from the material at the Memorial Hos- 
P a , since the doses used in cancer of the bladder are extremely large 
b ' Quimby^®), The superficial tumors are largel}" removed 

e ectrosurger)% and only the base is implanted with radium. The 
^inica 4 determinable area of infiltration is heavily treated. The extent 
hifiltration cannot be accurately estimated. If the lesion 
jj. irradiation, it is difficult to say which dose in the original 

ofte ^^^ched the area from whence the recurrence arose. It is 
^ 'mpos sible to say whether the patient has a recurrence or a new 

Dean. A. L., Jr., and Quimby, E. H.: Surg., Gynec. & Obst. 53:89, 1931. 
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k'sioi). Miifli nmif inftn'iuatitui .slimiM In- ohtaiiKiiilc frnm the results 
<'t viilt.'im’ r<ifiit! 4 riiMiIirt;iiiy alone. I'.arriluter e.xprcssfd tlic 

l)i'lief that doses whieli ean he delivered hy e.xteriial means often even 
tail to eontrol hemorrhage. lie eonsei|nently placed so little emplia.sis 
oil external radiotherapy that Ids material i.s little calculated to yield 
dat.a on sensitivity. 

i he results of I ’laliler are so «lisappointint( that they aftorfl little 
to eiiconraoe one in the heliet that any ilecifled nnmher of tumors of 
the bladder are radiosensitive. I’.nrnam and Xeil seem insiifticiently 
impressed hy any decree of seiisitivitv in their tumors of the bladder 
to place mnch importance on externa! irradiation in their therapeutic 
schema. Schmitz and I.;dhe''‘ reported excellent results with roeiit- 
!.;enothera])y and discussed the relation between histoloj^y aiul the clinical 
result, yet, unfortunately for my purpose, they discussed it in terms ot 
iteneralities and not in regard to the tumors they were treating. Gim- 
sett described good therapeutic results with roentgenotherapy, but 
tailed to discuss them iu terms of tumor structure. '1 he f|ucstion of 
the relation hetween structure and sensitivity of cancers of the bladder 
must await further analysis. It must await a structural analysis of 
tumors treated by noncaustic dose of roentgen rays. 

f.VKCt.XO.MA or Tlti: }'KU.ST.\TK 

Ferguson'" has recently reviewed the literature on the irradiation 
of prostatic cancer, and he made a decidedly worth while addition, f 
is obvious that the irradiation of jwo.static cancer has not been pursue 
in any manner calculated to deliver a reasonable dose to a radioiesistan 
glandular carcinoma. Reports on the restraint of prostatic cancer } 
radiation have not adequateh' considered the wide diffcience m tie 
clinical manifestations and varying duration of different types o pcos^ 
tatic cancer. Ferguson saw essentially no histologic changes in turn ^ 
which had received less than 80 per cent skin erythema dose. Doses 
excess of this amount, but less than 150 jier cent skin 
produced changes in some instances but not in all. The mam e ^ 
were fibrosis, arteritis and h^'aline degeneration, fiansient 
changes in the tumor cells occurred. Over 150 per cent skin 
dose caused changes in all cases. Fibrosis was maiked. n 
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oi the Umo.'lmt in.t in tin- Iv-nv. r.nmi'u- - fun-l tliv .Ir.tn n>. .• 
in case.. o{ pro>tatic cancer r..nu‘bly proi-nmnal to the nnlhu't-n 
ot treatment with rn>1inin. 

c.\nciN«>M,\ or lilt. 

The literature contain.- many reterciice- to the nsi oi t.ifliati n ' 
malignant tumors ot the thyroid, linker -tatul t i.it esti i 

tions appear unjustified when the I'avorahle re-uU- ot par la c . 
followed hy radium arc considered, rcmherion is ot i le opm u 
“probablv in no other malignant disease are radium am^ r -i 
so valuaiile as in the treatment of malignant tumors ot the ' 

Uhey"^ has said that “when malignant . 

adenoma is diagno.sal)Ie. it is hojieless surgical!). t i. ter* 
have seen some of our very best re.-ults in a iialliaitNC war r n . * 

treatment.” Forssell c.xpre.-sed the belief that next to cancer o 
skin, lips and uterine cervix, cancer of the tlnroic )ie s t ie mo. 
stant and valuable results with radiation. Schreiner " ' was less encour- 
aged. Breitner and Just'"" reported favorable results in 
“carcinoma.” and unfavorable results in cases of sarcoma. m 
found carcinoma more sensitive than sarcoma. nte anc n 
have the impression that radiation retards growth and delays the reap- 
pearance of malignant thyroid adenomas, but that it is ot no value m 
“squamous cell.” giant cell and small cell carcinoma. Portmann 
reported moderate radiosensitivity in the ‘-malignant adenomas, u u e 
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papillary carcinomas, scirrhous carcinomas and carcinosarcomas are 
resistant. Berven reported 15 per cent of 59 patients with ‘'malig- 
nant goiter ’ well for five years, 1 he majority had inoperable tumors. 

Throughout these papers there is no sufficient information as to the 
exact relation between the structure of the tumor and the response to 
radiation. For example, Portniann found that there is a certain degree 
of sensitivit}' in “malignant adenoma,” 3 'et in reviewing his papers I 
cannot find that the term malignant adenoma applies to an_v given histo- 
logic type of tumor. He stated that “what we designate as malignant 
adenoma is a t 3 'pe of carcinoma of the thyroid gland which in 90 per 
cent of the cases can be proved to )jai-e originated in a pre-existing 
adenoma.” This statement is further elaborated in the following 
quotation : 


Rarely is the tumor made up of only one type of neoplastic cell. There are 
usually areas in which the morphologic characteristics of fetal adenoma arc nii.vetl 
with others which show the cliaracteristic structure of adenocarcinoma, medullary, 
scirrhous, papilliferous or spindle cell carcinoma or a carcinoma resetnhling sar- 
coma, or an)' combination of these. 


Haagensen has presented the best structural analysis of tumors 
of the th 3 Toid in relation to their sensitivit 3 '. His ])a])cr is accompanied 
by illustrations sufficient to clarify the terminology applied to the tumor.s. 
He found the small cell carcinomas radioresistant. 'I'he large s])iud!e 
cell and giant cell carcinomas, which many authors classify as carcino- 
sarcomas. are resistant. Haagensen found that of 9 i)ai)iilarv ewstadeno- 
carcinomas (fig. 27). 5 showed no regression. 2 regressed coiigdeteh. 

1 regressed partially, and in 1 instance in which the primary tumor had 
failed to regress a postoperative recurrence disappeared completeh 
after irradiation. Partial regre.ssion was noted in 1 Hurthle cell lar- 
cinoma metastatic to the lungs, .\nother similar tumor after slight 
regression remained stationary for five years. In 1-1 case-- of adem>- 



.si liWWh'! 1 !l'! I y <>!■ / f ' »A'.s I"-'" 

treated with nlxiut 15 >Kiii eruln-ma (50 niiilieuric lonns in .i 5 

cm. canimi well lie eunrpnreil with that tit "iie which wa^- iie.ited. 

over a Unir iiumth'-’ period, with al'mit •* skin erythema dioe-. iiiiej- 
mediatc voltage, of which not more thati O,.-' skin erythema (hoe t onld 
have readied the tumor depth at any one treatment. In manv of ilu 
other luinur tvpe.s tliere were larce \aria:ion'> irom one j.atient lo da 
other— differences in anatomic ^eltnp; and widi- rarialioiis in the tyi'c 



of radiation therapy, in quantity, source and time interval. There were 
great differences in the length of time the lesions had existed. Some 
patients suft'ered from advanced tracheal obstruction, although in a 
personal communication Portmann told me that he found this of little 
importance so far as the response to radiation is concerned. I believe 
that as yet there is no adequate series of carcinomas of the thyroid, 
treated with sufficient uniformity and by sufficient doses, to enable one 
to formulate a definite opinion on the sensitivity of these tumors. At 
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E\en when in the lungs, irradiation of the primary thyroid mass may 
cause regression of the mctastascs to the hmg. thus indicating a 
mechanism at least peculiar. Schacdel described the regression of 
metastases to the lungs, hones and glands in 3 patients with struma 
maligna, after local irradiation of the thyroid. 

^^orthy of special mention are the small cell carcinomas (fig. 30) 
of the thyroid. They are described by Haagensen and by others as 
radioresistant, ^\'ithin the past two years I have studied 4 cases of 
small round cell lesions of the thyroid. All of these were likewise 


Fig. 29 Thv 'A • 

. roi , spindle and giant cell carcinoma ; very radioresistant. 
^Hulled 1)Y F)r F •* T 

anaplastic" ' question of their being small cell 

e do not arose. When irradiated, they proved resistant, 

diagnosis of classify them, and. in fact, I believe that the 

ore iniperfectl'*^^ carcinoma of the thyroid is a difficult one. They 
1 ^Irnnia Ivm 1 from the Hashimoto type of Riedel’s struma 

’"und strung ^ucl from hanphosarcoma. Portmann has 

'vcrc not the radioresistant. The lesions we observed 

where, since tl of lymphosarcomas as the disease exists else- 

— c_\ dul not involve nodes. Xor is there evidence that 


Seine. 


b'. tt.; Mnnchen. ined. Wchnschr. 69:1282. 1922. 
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they yielded the metastases that might l:)e expected from carcinoma. 
All caused death by tracheal obstruction. The disease ran a rapid course 
and produced a bulky, soft, homogeneous, diffuse swelling of the 
thyroid, grossly suggestive of Ijnnphosarcoma. 


PRIMARY TUiMORS OF THE BONE 


The success of the x-rays in controlling benign giant cell tumors of 
the bone is well known. Just wh}' giant cell tumors regress under 


SiSsSi*' 



pio 30. — Thyroid ; ? round cell carcinoma ; struma b u’P mmatos, 


resistant. 


radintion is not fully known. ThT 

histologically clurmg the healing peno . : g calcilication- 

consists in decreasing vascularity, product, e 

Sclerosis, once initiated, may progress . moderate 
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cells ; the process must be one of slow sclerosis. A giant cell tumor 
recurrent after curettage or infected from biopsy is a less satisfactory 
object for treatment than is the uncomplicated lesion. Furthermore, 
recurrences may be fully malignant. Some giant cell tumors appear 
unusually aggressive and locally malignant from the start. This feature 
cannot be regularly predicted from small biopsy specimens. If an 
attempt is made to treat these varieties with small doses calculated 
to control the usual giant cell tumor, they may become resistant to 
irradiation. These patients usualh- undergo amputation, occasionally 
too late to prevent metastases. Not all types of giant cell tumors do 
equally well under radiation. Large tumors of the upper end of the femur 
or tibia often do badly. It is my impression that giant cell tumors of 
the weight-bearing bones in older persons give poorer reactions to radi- 
ation than similar tumors in younger persons. Giant cell lesions of the 
jaw (I do not mean epulis) are satisfactory tumors for radiation. The 
multiple giant cell lesions occasionally seen involving the extremities 
of numerous long bones may be radiosensitive and regress with little 
treatment. The radiologist who treats these lesions must realize that as 
a rule he is not planning a course of therapy designed to cause regres- 
sion of a malignant tumor of the bone. He is endeavoring to promote 
the sclerosis of a peculiar type of tumor, by no means always progres- 
sively destructive, often tending to considerable spontaneous fibrosis and 
repair. 

The rare examples of cartilaginous A’ariants of giant cell tumors at 
the upper end of the humerus have done well after irradiation. They 
tend to undergo sclerosis and to lay down calcium, much as do other 
giant cell tumors. These tumors have been confused with malignant 
chondrosarcomas, but deserve a separate grouping (Codman^®'). I 
believe that the telangiectatic varieties of benign giant cell tumors, the 
aneurysmal type, are less radiosensitive. Judging from structure and 
comparison, it is assumed that the xanthomatous variants are sensitive. 

lien a giant cell tumor has broken through its capsule and is extend- 
ing out into soft tissues, it is much less satisfactory to treat. It is much 
more difficult to produce the desired sclerosis. We have noted especially 
1 lat when giant cell tumors of the acetabulum produce sufficient soften- 
ing to permit driving the head of the femur up through the acetabulum, 
t ic lesults of irradiation are apt to be unsatisfactory. So many clinical 
eatures are involved in the question of irradiation regression of giant 
cc tumors that categorical statements are difficult. 

^ Irradiation osteitis complicates the irradiSion of many malignant 
^nmors of the bone. .After more severe io4diation, such as falls within 
jc upper li mits of therapeutic measures ^ow commonly employed, there 

If/. Ct><lnian. H. A.; Siirp.. Gyncc. &/Ob 5 t. 52:543. 1931. 
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may be establislied a progressive productive osteitis which may cause 
marked thickening of the shafts at the expense of the marrow cavity, 
and in the case of canceJJous bone may largely replace the fat and cell- 
ular marrow by poorly formed and brittle bone or calcified osteoid tis- 
sue. There are increased fragility of the lamellar bone and a marked 
tendency toward spontaneous fracture. The bone is almost devoid of 
circulation. 

Complete devitalization may occur. The marked susceptibility of 
bone is probabl}' due to the action of secondaiu^ 1-33^5 on the delicate cell 
processes lying in the canaliculi, and secondarih'' to ph3'sical changes in 
the composition of the lamellae of the bone (Ewing 1“®). RegaiKE®" 
found that irradiation necrosis of bone is characterized b}'’ a long delay 
in sequestration. These features are probabE due to sclerosis of the 
blood vessels of the haversian S3'^stems. Bone devitalized b}" radiation 
is extremely susceptible to infection with spreading suppurative peri- 
ostitis. 


Sclerosing osteogenic sarcomas are extremelv radioresistant.^’” 
They are unsuitable for irradiation. Osteogenic chondrosarcomas may 
show temporary regression under massive doses. Relief froni pain may 
be striking. Calcification ina}^ occur in projecting tumors of the soft 
parts and the radiologist ma}^ be deluded into believing that he is con- 
trolling the process. Then, almost uniformly, after a period of a few 


months, the pain recurs, growth is resumed, and the patient undergoes 
amputation, even though only palliative, for the relief of pain, which 
becomes intolerable. Periosteal osteogenic sarcomas, although less resis- 
tant than the sclerosing varieties, are nevertheless hilly resistant. The 
cellular, telangiectatic small cell osteogenic sarcomas arc aj)t to show 


pronounced regression with irradiation. In some instances this regres- 
sion has been so marked that, on the basis of resjjonse to radiation, a 
clinical diagnosis of endothelial m 3 "e]oina has been erroneous^' made. 
Such tumors show a cellular small spindle cell or pol}'hedral cell stnic- 
ture and ma}' closety resemble endothelial myelomas. Large spindle and 
giant cell telangiectatic osteol 3 dic tumors fail to show appreciafilc regres- 
sion with irradiation. Destructive osteoljdic sarcomas of the bone 
(fig. 31) regularR recur after jmiinary regression. Despite the radio- 
resistance of osteogenic sarcomas as a group, it is frequentl}^ po.^sili e, 
in the presence of metastases, to cause sufficient relief from pain >} 
irradiation to enable the patient to avoid amjmtation. Mention must le 
made of occasional unusual successes in the control of osteogenic s.tr 


108. Ewing, James: Acta radio!. 6:399, 1926. 

109. Regaud, C: Compt. rend. Soc. dc bio!. 87;4./ .yid 6, , — 

110 Ewing, James: Report of tlic International Cnni’ercnce on .nice 

York, Y’illiam t\'ood & Company, 1928. p. 365. 
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coma. Such successes are rare. Several have occurred in the central 
spindle cell myxosarcomas of the calcaneus in young patients. In 1 
instance both the primary lesion and a solitary pulmonary metastasis 
were sensitive, and there is reason to believe that life was appreciably 
prolonged. Despite rare successes, I have not been impressed with the 
results of irradiation of osteogenic tumors save as a palliative measure. 

Most endothelial myelomas (fig. 32) are highly radiosensitive. 
Occasionally one sees a resistant endothelial myeloma. The reason for 



Bone; osteolytic osteogenic sarcoma; very cellular; cells rather 
’3 , delicate blood supply, yet radioresistant. 


^ ic resistance in certain cases is unknown. \\'e have found an unusual 
circulation consisting of well defined, thick-walled vessels in resistant 
cut otlielial myelomas and believe that these circulatory conditions mili- 
•^te against sensitivity. The metastascs are apt to be very sensitive. 

ost endothelial myelomas recur after irradiation. In manv of the 
'-"'iricr patients treated at the Jilemorial Hospital the initial regressions 
Uue of such order that the clinician was lulled into false security, 
lu ei present methods of treatment recurrence is the rule. I believe 
’■It Ibeie should be a decided change in the method of irradiating these 
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Tr,C"' "'■■'f' '« ■'^placed l)y divided irradietio,, 

ncrsLnlK T T Tl'a best result I have 

pcisonall) observed was secured by that method. The various mye- 

loiiias, plasntocytoma, uryeloblastic myeloma and lymphoid myeloma, 
a e exceed, ngly radiosensitive. I observed .narked sensitivity in 2 prob- 
able reticulum cell lymphosarcoims of the bone (%. 33). In neither of 
these eases was I certain of the diagnosis, yet from the histology it 
seemed most probable. It is iwssible that I of the tumors was of e.vtra- 



Fig, 32. — Bone; very radiosensitive endothelial myeloma (Ewing tumor). 


osseous origin, probably lymphosarcoma of the abdominal lymphoid 
structures, since signs of abdominal tumor developed about one year 
after treatment, and the patient died. No autojjsy was obtained. 

The known metastatic lesions of lymphosarcoma, when they occur 
in bone, are radiosensitive. Hodgkin's disease in bone is common. It 
is apt to be radiosensitive. Frequently, however, the i?roce.ss is sclerotic. 
The lesions of the bone may occur early in the course of the disease or 
may be late manifestations. When extensive, anemia is usually marked, 
and the patients are unsatisfactory subjects for treatment. Hence, the 
sensitivitv is but rarely of more than academic interest. 









STEWART— RADIOSENSITiriTY OF TUMORS 


1047 


Liposarcomas of the bone are rare. I described 3 cases. Since 
that time several have appeared in the Bone Sarcoma Registr}'’ of the 
American College of Surgeons. The cases from the Memorial Hospital 
were from moderately to markedly radiosensitive. One was so sensitive 
that the tumors \vere reduced to nothing but masses of blood clot. 

The xanthomatous “tumors” of Christian’s syndrome (diabetes 
insipidus, exophthalmos and multiple xanthomatous tumors of mem- 



ug. 33. Bone; very radiosensitive primary reticulum cell sarcoma. 

hrane bones) are favorably influenced by radiation ; the bone defects 
‘^nc to heal. They regress under small doses (Rovida^^-). 

XEUROGEXIC SARCOMA 

scl variously designated as neurogenic sarcomas, neurinomas, 

ra r' gliomas and perineural fibroblastomas are 
oresista nt (.Stewart and Copeland*'^). Certain rapidlv growing 

ll' P- ; .Vm. J. Path. 7:87. 1931. 

-. Kovida. Francesco: Radiol, mod. 19:667. 1932. 

^-tewart, F. W.. and Copeland. M. M.: .Vm. T. Cancer 15:1235. 1931. 
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tumors dmically diagnosed at the Memorial Hospital as neurogenic 
sai comas have shown marked sensitivity. No sections were made^^and 
nhen these results are compared with results in patients for whom 
h s tologic diagnoses were available, they are far from striking proof 
of the sensitivity of this disease. Even very cellular, small cell, neoro- 
genic tumors (fig. 34) have grown under radiation. Any favorable 
response usually requires large doses. Interstitial radium has cured a 



Fig. 34. — Neurosarcoma of median nerve. Very cellular; cells seem to possess 
certain embryonal qualities, yet are highly radioresistant. 


few patients. The difficulty with its use is usually that the tumors, 
when first seen by the radiologist are too large to permit efficient distri- 
bution of adequate quantities of radium. Furthermore, such treatment 
results in cure by irradiation and is not in itself indicative of any par- 
ticular degree of radiosensitivity. External irradiation has caused dis- 
appearance of an occasional tumor to the accompaniment of prolonged 
slough of normal tissues. The successful irradiation of neurogenic 
sarcoma converts the mass into indolent scar tissue, extremely dense 
and hyaline. This mass undergoes progressive atropb)-. A feu- low 
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grade neurogenic sarcomas, diftering little in histologic structure from 
neurofibromas, will show slow progressive regression and eventual dis- 
appearance after doses of external irradiation well tolerated by the 
normal structures. Yet these cases seem to be few. 

The natural histor}* of a neurogenic sarcoma is such that it is vir- 
tually impossible to saj- whether a new mass in the irradiated field is a 



Fig. 35. Ganglionic neuroblastoma, probably arising in cer\'ical sympathetic : 
» e ore irradiation; B, after irradiation. 



F, Ganglionic neuroblastoma metastatic to lungs: A, before irradiation; 

irradiation. The tumor recurred and caused death. 


finentr"^f^ ^ recurrence in the usual sense. The tumors are fre- 
1{ on origin, arising from numerous nerves in a locus, 

the excised neurogenic tumor, it may be possible to find 

eNcis”'i*''* • leading to new tumors in the surrounding ner^-es 

exter primary mass. This miglit lead one to suppose that 

na irr.adiation might be used after operation to restrain the growth 
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of tumor masses originating from surrounding nerves in the scar or in 
the adjacent territory, yet Stewart and Copeland, in a large series of 
cases, could not find evidence that such irradiation was efficacious. 
The n-radiation of neurogenic sarcomas is a highly unsatisfactory field. 
Surgical intervention is equally so. Perhaps in no other Md of neo- 
plastic diseases is a comparatively innocent looking tumor from the 
histologic standpoint so fraught with ultimate danger to the patient. 

The reason for the radioresistance of neurosarcomas is not clear on 
a histologic basis alone. Many of the tumors show all the features 
which might lead one to believe they were sensitive. Their resistance 
is probably to be interpreted in the light of their neural origin and in 
the light of the well known great radioresistance of nerve tissue. The 
neuroblastomas, tumors made up of small neuroblastic rosettes or con- 
taining large numbers of poorly developed ganglionic elements, do not 
share the usual resistance of neurogenic tumors. The retroperitoneal 
and suprarenal groups are highly sensitive. I have observed recently a 
ganglionic neuroblastoma probably arising in the cervical sjunpathetic 
ganglions in a young boy. Under irradiation, the tumor proved as 
sensitive as a lymphosarcoma. Large pulmonary metastases filling 
much of the chest regressed dramatically, recurred and regressed again 
until the patient could tolerate no further treatment (figs. 35 and 36). 

“fascial” sarcoma 

Fascial sarcomas constitute a complex group of variable histology 
and probably different histogenesis. They are spoken of as fascial 
sarcomas largely because their exact histologic origin is not readil}’ 
determined. Some exhibit a structure resembling periosteal, nonossi- 
fying sarcoma. Others probably originate in fat tissue. Some are 
neurosarcomas. There is reason to believe (Stewart and Copeland) 
that many of the extraperiosteal fibrosarcomas arc of neurogenic origin, 
since the patients may have either stigmas of von Recldinghaiisen’s 
disease or other sarcomas clearly of neural origin. There is a group 
of myxosarcomatous tumors made up largely of almost acellular mucin, 
their cellular elements consisting mainly of capillaries and sprouting 
endothelial buds. They may have a telangiectatic circulation. Necrosis 
and cystic degeneration are common. Some appear grossly to consist 
in structureless jelly masses. They may occur anywhere. The sole 
. seems to be a favorite location. Since the active elements consist almost 
wholly of vascular sprouts, the lesions may show a decided restraint 
of growth under irradiation. Actual total regressions are rare. The 
extraperiosteal tumors of neural origin show the resistance of neuro- 
genic sarcomas. In general, the irradiation treatment of the tumors is 
unsatisfactory. 
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rhabdomyosarcoma ^ 

In the few patients with this 
Rhabdomyosarcoma is a rare Hospital, the tumors 

disease who have been treated at the 
have been radioresistant. 

„POSARCO».A ^ 

Malignant tumors of fat tissue =■ <> sarcomas of the soft 

Contrary to the behavior of tte^ „srkea ra^o- 

parts, these tumors usuall} sho sensitivity, ine 

Lilirity. There is no good 

tumors may consist ot rather u ^ vlrich would make one suppose 
There is nothing inherent in fat tissue The cells consist 

that tumors of the fat tissue would he r compress the nucleus 

of narrow rings of cytoplasm fil ed wi^h jat tissM is not 

toward the periphery of the cell. _ potion fat tissue breaks dow , 

considered active. Under interstitial irradm tissue with 

forming oil cysts and producing an m , sclerosing reactions 

giant cells of the foreign body W- ^ => medium for restraint 

are poorly developed, rendering a pposarcomas are made up o 

of growth. Nevertheless, even u radiosensitive (fig- 38)- 

adult-looking fat cells, they are re tincture made up of from 

Certain liposarcomas have a , ^^al cells (fig- 37)- They 

small to medium-sized hyperchromatic P > xanthosarcomatous 

show other areas of nearly purely xan ^ quickly to 

structure. Such tumors are high y sensi ’ bizarre pseudo-alveolar 
yield diffuse metastases. Other tumor , giant cells. More 

formations, with large fat-filled or xa ^ degeneration. They 

adult-looking liposarcomas often show , ^^^„eous, fascial or mus- 

may occur any^vhere in the soft tissue > them from angiomas ot 

cular — ^where it may he difficult to is '’U orbit, especially 

the muscle, since they are extreme y i -^Q^gal region of the perirenal 
about the knee joint and in the yield distant subcutaneous 

fat tissue. Fairly adult-looking lipogenic tumors may 

metastases. The small round to po 3 ^ r^use reoression of the more 

vield to doses little more than su cien rured bv radiation even 

T'Vipv have oeen lluv.va 
resistant Ivmphosarcoinab, ine> » 
when bulky postoperative recurrences were presei . 

syxovial tumors 
Tumors of the synovial 

analyzed. They may exhibit a other portions an endothelial 

origin from synovial incsothelium. an die giant cell tumors 

or pcrithclial origin. Some suggest ^ xantho'arcomatous or lipo- 

temta sUca.1. 0*“'^ Slutar ami composed of iodifferent 

sarcomatous clement, bome arc - 
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round cells that only radiographic evidence permits their distinction 
from endothelial myelomas. The more malignant varieties recur in 
amputation stumps, and rapidly yield pulmonary metastases. They 



size to nodes. Many of these tumors appear radiosensitive, and yet 
"ith the doses so far utilized in their treatment at the Alemorial Hos- 
pital thev have not yielded satisfactory results. Xo definite opim’on 
can be expressed as to their radiosensitivit}' until the}' have been handled 
more aggressively than has hitherto been the case. It seems safe to 



Fig. 38. Radiosensitive liposarcoma ; rather adult fat cells. Primary tumor 
■ 1 metastases radiosensitive. 


admit, however, that their response to radiation will not be of the nature 
a dramatic disappearance of growth. 


MELAXOir.^ 

n records of the [Memorial Hospital contain about 250 cases of 
,, These tumors are almost uniformly highly radioresistant, 

thci ' " have some degree of sensitivity. There is nothing in 

^ r -‘’tructure which permits a diagnosis of radiosensitivity. They are 
n!''^ resistant or even more resistant tlian the surrounding 

lion”'*' and may sprout up under sufficient interstitial irradia- 

•11 •! ^^^•‘^^roy the tumor bed. Fulminating, widespread, hematogenour- 

^ to the skin and subcutaneous tissues may be sensitive. In 

^ct. their occ.asional instability is revealed in the rare ^J)')^taneo•l’.^ di>- 
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appearance of nodules here and there. Such sensitivity is of no thera- 
peutic interest. After prolonged attempts at the iiTadiation treatment 
of melanoma, I believe that once the course of the disease is estab- 
lished in the direction of the l^anphatic rather than the hematogenous 
mode of dissemination, aggressive surgical intervention is far better 
than irradiation. The most satisfactory regressions with irradiation in 
my personal experience have been in the conjunctival group. Whether 
or not there is a i egional peculiarity in the behavior of the disease in 
this location must be determined from further experience. The proba- 
bility is that the results were merel}'’ due to beta irradiation of superficial 
lesions and not to any unusual radiosensitivity. 


AXGIOJIA 

Angioma occurs in a variety of t^^pes. Naturally, these various 
lesions differ in their response to radiation. There are the simple 
spidery angiectases which yield to small amounts of beta radiation. 
There are the simple port wine nevi which blanch with radiation, 
especially in young subjects, but which tend to become more resistant 
with increasing age. Another variet}'’ constitutes the hemangioma hyper- 
trophicum cutis. These lesions are often bulky and exuberant-looking 
in sections, and may suggest angiosarcomas. They are only moderately 
radiosensitive. The bulky, deeper angiomas, especially when aneurysmal 
features are present, are relatively resistant tumors. They do not do 
well with radiation, save when it is administered by interstitial means. 
Then they may yield bj'- thrombosis and local sclerosis, a gradual cutting 
down of the circulation and not true radiosensitivity. The angiomas of 
the Osler-Rendu- Weber t3qDe present a variet}'- of structures. Different 
anatomic forms must act differently under radiation. Little is known 
concerning the behavior of true aiigio-endotheliomas. In the literature 
this is a common diagnosis. In our own laboratory we rarely see such 
cases. The angio-etKlotheliojna of Kaposi (multiple hemorrhagic 
sarcoma) shows considerable variation in its response to radiation. 
Most cases of this disease are radioresistant. In one patient regression 
of the tumors required doses sufficiei7t to sterilize squamous cancer. 
Furthermore, there was no assurance that the disease would not recur 
at the immediate periphery of the treated area. Whether this was 
recurrence in the true sense or merely the result of the continued 
presence of some causative agent cannot be determined. This case. 
like several other Kaposi types we have studied. beha\'ed lik'e a true 
infectious disease with, however, a distinctly neoplastic histology. In 
other patients the presence of marked infection has ohscurcfl thc 
response to irradiation. Some cases of Kaposi's disease have \-ielderI m 
the x-rays (Collins'"). For that matter, some lesions appear to 

1 14. Collins, J. X.: .tin. J- Roentgenol. 2C:3<i'), ]9.tl. 
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regress with no treatment. Tumors of the glomus type (Masson’s 
angioine neuromyoarteriel) liave so far appeared relatively radio- 
resistant. 

Lymphangioma is quite a different problem. The lymphangiomas 
are highly radioresistant. Their resistance is probably an expression of 
the well known resistance of ^-mphatics to radiation (Wood’^'*). 

SQUAMOUS AND BASAL CELL CARCINOMAS OF THE SKIN 

The squamous carcinomas of the skin do not appreciably differ in 
their behavior to radiation from those of the lips, oral mucous mem- 
branes and cervix. Hence they are omitted from further discussion. 
Basal cell epitheliomas (tricho-epitheliomas of Regaud and others) 
^ire relatively radiosensitive lesions. When adenoid features develop 
the tumors become more resistant, and, in the vast majority of cases, 
when the structure of adenoid cystic epithelioma is approached, they 
are very resistant. The behavior of the usual basal cell epithelioma is 
greatly dependent on the tumor bed. Nothing is more resistant than 
the basal epithelioma invading bone or cartilage ; hence their evil 
prognosis when they have attained any decided degree of infiltration 
about their common site, the face. Long experience with basal cell 
epitheliomas (there were 1,374 patients with this disease treated in 
^lemorial Hospital in the twelve year period of 1917 to 1929) has 
taught us that previous insufficient irradiation of a basal cell lesion 
increases the resistance of the carcinoma and diminishes that of the 
tumor bed, thus eventually leading to an undesirable set of circum- 
stances. It is believed highly desirable to destroy the lesion at a single 
exposure. 


lvmphoma, lymphosarcoma, lymphogranuloma, leukemia 
The radiosensitivity of lesions of the lymphoma group is so well 
lowii in evety institution where radiation is administered that it seems 
scarcely worth while to reemphasize it in the present paper. The 
malignant lymphocytomas and reticulum cell lymphosarcomas are 
g 1 y radiosensitive. Rarely one encounters a relatively radioresistant 
. mp losarcoma, and the disease progresses with great rapidity. Under 
-uch circumstances the structure is often that of giant reticulum cell 
■arcoina. It is difficult to explain the occasional resistance of the 
.' midiosarcoma. In man}- respects the disease is peculiar. It involves. 
"i'Uall} at the onset, a small group of nodes. The surrounding nodes 
'"a} exhibit varying degrees of giant follicular hyperplasia. It is well 
' that the normal lymph node is a relatively resistant 

^'’’iicture. It is possible that in treating lymphosarcoma one causes 
''’■‘>'Sion of the diseased nodes, but that in response to the continued 



1056 


ARCHIVES OF SURGERY 


exciting stimulus new closely adjacent nodes are brought into neoplastic 
activity thereby simulating a recurrence? The actual cure of lympho- 
sarcoma is an extreme rarity unless one accepts the statistics of Berven 
on tonsillar lymphosarcoma. Berven reported many apparent cures 
of tonsillar lymphosarcoma, so many in fact that one wonders whether 
some were not cellular lympho-epitheliomas of the Schmincke type. 
Berven stated that in many of his patients the tonsil was large and 
ulceiated. At the Memorial Hospital we find actual ulceration rare in 
cases of tonsillar lymphosarcoma but common in those of lympho- 
epithelioma. Incidentally, many tonsillar tumors which five years ago 
we should have called lymphosarcomas we now recognize as lympho- 
epitheliomas. 

The Ijmiphadenomas of the Brill-Symmers type are very radio- 
sensitive. The lesions of the lymph nodes in lymphatic leukemia are 
also sensitive, especially when they approach the structure of lympho- 
cytoma. When merely of the hj'perplastic type, as in pseudoleukemia, 
they are somewhat more resistant. Mikulicz’ syndrome on a leukemic 
basis is very radiosensitive. The simple lymphomas vary extraordinarily 
in their responses to radiation. This variation cannot be accurately 
predicted from their microscopic appearance. 

The lesions of the lymph nodes in Hodgkin’s disease are often highly 
radiosensitive, although somewhat less so than lymphosarcomas. In 
the sclerosing, fibrotic lesions radioresistance is the rule. Some authors 
report the cure of Hodgkin’s disease by radiation. At the Memorial 
Hospital we have had no cures in cases in which the diagnosis was 
confirmed in our own laboratory and in which the lesion was typical. 

In passing it may be well to note that '‘prophylactic” irradiation of 
uninvolved areas does not prevent later involvement. 

The sensitivity of the various lesions of myelogenous leukemia is 
well known. This sensitivity is so marked that it may occasionally 
lead to disaster. We have seen radiation convert a leukemic spleen 
into a massive thrombosed hematoma, followed by death from embolism. 

The bulky deposits in the nodes, which may occur late in leukemia as 
a result of embolic myeloidization of the nodes, are radiosensitive. This 
lesion is supposedly rare, yet I found it to a marked extent in^ 4 
successive leukemic autopsies during the current year. The sensitivity 
of such deposits in the lymph nodes is not of therapeutic interest, 
since it marks a terminal phase of tlie disease. 

That there are differences in the radiosensitivity of the various 
cell types in the blood-forming organs was early shown by the studies 
of Heineke.”" He found that after irradiation the various white- 
cells disappeared from the marrow in the following order: (1) lymplio- 

115. Heineke, H. : Deutsche Ztschr. f. Chir. 78:196, 1903. 
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cytes, (2) nongranular mononuclear cells, (3j eosinophils, mast cells 
and giant cells, (4) myelocytes and polymorphonuclears. The erythro- 

were “nur wenig geschadigt” (only slightly injured). Casati 
irradiated the bone marrow of rabbits, giving doses of 400 roentgens 
once repeated. He found no clear changes prior to two weeks after 
irradiation. He stated that the myelocytes differentiate to polymorpho- 
nuclear cells and that the nn’eloblasts change to fibroblasts. In case 
there is no regeneration of mveloblasts. the marrow becomes fibrotic. 
More recently Sabin, Doan and Forkner found, after intravenous 
injection of radioactive materials (radium chloride and mesothorium) , 
that the bone marrow as a hematopoietic organ is less sensitive than the 
Ij'mph nodes. Thev expressed the belief that with certain doses of 
radio-active material, the fundamental damage in the lymphoid tissue is 
to the stem cell and especially to the nuclear chromatin of these cells. 
They described a period of stimulation of tire stem cells ; second, a 
shift to the immature stage known as the lymphoblast ; third, a 
depletion of the nodes due to such damage to the stem cells that the 
losses in lymphocy'tes could no longer be made up. The studies of 
Sabin, Doan and Forkner indicate that the thymic cells are affected in 
the same manner as the primitive stem cells of the lymph nodes, and 
that they are less resistant to radiation than the mature lymphocHes. 
The concept of particular effects on the special formative cells of the 
b^rnph nodes is of considerable interest to the radiologist and fits ■nell 
'vith the concept of the particular effect on the ‘ cellules souches in 
many tumors. 

THVirOMA 

ThjTnoma is frequently diagnosed radiographically. Our obsema- 
fions coincide with those of Haagensen, that it is not so simple to 
'erify a diagnosis of primary thymoma at autopsy. iMan)’^ tumors 
" hich throw shadows suggestive of thymoma and which regress 
promptly under irradiation only to return at a later period fail to show 
^ gross anatomy definitely indicative of thymic origin, although bulk}' 
’’lasses occupying a position in the anterior mediastinum over the great 
vessels at the base of the heart are certainly suggestive of thymic 
Origin. At times the bronchial and hilar nodes may be invoh'ed in 
contiguity with the pericardial mass, and it becomes impossible to verify 
die thymic origin. 

It seems assured that thymic tumors may have a multiplicity of 
structure, such as lyinphocytomas. reticulum cell sarcomas (fig. 39). 
‘‘irge atypical lymphosarcomas. Hodgkin's sarcomas and granulomas. 

Casati. .-\nniliale : Strahlentlicraptc 32:721. 192'!. 

tl7. Sabin. F. R. ; Doan, C A., and Forkner. C. E. ; T. Esper. Med. 56:267. 
1032 . 



1058 


ARCHIVES OF SURGERY 


true carcinomas (figs. 40 and 41) of varying type, either anaplastic 
large polyhedral cell tumors or carcinomas with many HassalFs cor- 
puscles. It is probable that lyinphosarcomas of the thymus behave much 
as lymphosarcomas elsewhere. They usually recur. At the Memorial 
Hospital there is a record of hut a single prolonged cure, now nearly 
eleven years, of a patient with a bulky tumor, probably of thymic origin. 




Pig 39, — Ra<!iosciisilivc nicclinstinal linuor; lyinjiliosarconia, possiI> > t»>nuc. 

which filled nearly the entire chest. This tumor vanished after a small 
amount of low voltage irradiation. 4'he ])at.ent is well, and the i t.sn 
has never been duplicated. Haagcnsen found that the sm.nll cell 
carci,.am,-,s of .l,c flmm.s lit.lo ..onof,. tan 

One patient with thymic carcinoma containing maii> large .... • 

bodierlwed some regres.4on about on the order of that to he e.spectefl 
u-ith a moderately sensitive epidermoid carcinoma, hut nothing o s 

ing char.actcr. 

C. D. : Am- J- C.mccT IC.v.M IWi. 
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Some authors are so certain about the irradiation behavior of these 
mediastinal tumors that they offer difl'erential diagnoses according to 
iheir responses to radiation. I feel considerable less certaint)' in the 
matter. Evans and Leucutia expressed the belief that “tumors 
originating from proliferation of the lymphatic cell element — including 
lymphosarcoma, thymoma, lymphatic leukemia, pseudoleukemia and 
simple l3-mphoma — ” entirely disappear within from four to ten days 



Fig^. 40. — Radioresistant thj-mic carcinoma. 


following one skin ert-thema dose of high voltage roentgen therap}-. 
liimors originating from proliferation of the reticulo-endothelial ele- 
oicnt of the mediastinal nodes or thvmus. including Hodgkin's disease, 
ternberg’s type of hyperplastic tuberculosis and endothelioma, are 
reduced to half size in ten dat’s and entireh' disappear within five or 
Weeks, rrimart- carcinoma and sarcoma show more or less reduc- 
''on in size, but rareh- disappear within si.x weeks following irradiation 

119. livans, \V. A., and Leucutia. T. : Deep Roentgen-Ray Expo.'urc. J. .-t. 
I'l- A. 85:1215 (Oct. 17) 1025. 



Fig. 41.~— Thj’moma with large hyaline Hassall’s bodies. It is radioresistant, 
5 'et its lymphatic metasfases tended to regress about to the same degree one would 
e.xpect in the case of oral carcinomas of medium sensitivity. 

stated that roentgen therapy will not cure any glioma. They recog- 
nized some favorable effect in medulloblastomas, a slight favorable 

120. Doub, H. P. ; Radiology 14:267, 1930. 

121. Lenk, Robert; Die Rdnfgendiagnostik der intrathorakalen Tumoren und 
ihre differential Diagnose, Berlin, Julius Springer, 1929. 

122. Bailey, Percival ; Sosman, M. C., and Van DesscI, .Arthur: Am. J. Roent- 
genol. 19:203, 1928. 
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effect, but less so, in spongioblastoma multiforme, a possible influence 
in astroblastomas and a slight effect in astroc}d:oma protoplasmaticum. 
Sargent and Cade -were somewhat more optimistic. They found the 
best irradiation results in astroc 3 ’tomas and medulloblastomas. They 
tound it difficult properly to assess the results in oligodendrogliomas. 
The response in spongioblastoma multiforme is variable. A few patients 
have secured complete regression of symptoms. I have had no personal 
experience whatever in the field of tumors of the brain and therefore 
cannot express an opinion. 

In the case of pituitary adenomas with or without the acromegalic 
and Frohlich syndromes, encouraging results have followed irradi- 
ation. Beclere stated that irradiation is the method of choice in 
pituitary tumors. He gave a wide review of the literature on this sub- 
ject. Nemenow and Jugenburg^-® expressed the belief that (1) 
good results may be expected in adenomas of the anterior lobe; (2) 
good results may be expected when the Frohlich syndrome is due to 
pressure on the intermediate and posterior lobe; (3) no results follow 
'vhen tumors of the third ventricle and of the midbrain are present; 
(4) no result follows irradiation of suprasellar cysts. The authors 
stated that in some cases of radiosensitive pituitary tumors radiation 
will restore health and bring back vision when the subj’ects are almost 
blind. 

ORBITAL AND BULBAR TUMORS 

Very little systematic information is available on the behavior of 
'arious types of orbital and bulbar tumors following irradiation. The 
b'Riphomas may be radiosensitive ; some are certainly resistant. Neuro- 
sarcomas of the orbit have been very resistant. Retro-ocular liposar- 
comas have given moderate regression followed by recurrence. The 
ocular melanomas are extremely radioresistant. In cases of neuro- 
epithelioma of the retina and of retinoblastoma considerable regressions 
laye followed irradiation. Recurrence is the rule. Some patients with 
retinal gliomas have been cured by external irradiation. The tumors 
"ere small. Irradiation seems most successful when after one of these 
usually bilateral gliomas has attained such a size that it becomes clini- 
cally discoverable attention is directed to the opposite eye, in which a 
small tumor is detected. Irradiation of these smaller tumors may result 
cure with conservation of vision. Successes have been reported by 
xenfcld,’^''- di Alarzio and Salvatori,*-^ iNIoore and Knapp and 

P., and Cade, S.: Brit. J. Surg. 18:501, 1931. 

Antoine; Strahlentherapic 31:42, 1929. 

^cnicnow, M,, and Jugenburg, Anna: Strahlentherapic 30:239, 1928. 

,1^.!' in discussion on Hartung: Klin. Wchnschr. 9:811, 1930. 

-/• di Marzio, Q., and Sah-atori, G. B. : Strahlentherapic 43:68, 1932. 
l-s. Moore, R. F,; Brit. J. Ophth. 14:145, 1930. 
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Ludin.i-9 Benedict reported regression of retinoblastomas. Very 
large doses were required. A posterior cortical cataract occurred as a 
later complication. 

CONCLUSIONS 

My purpose has been to emphasize the complexity of the problem 
of radiosensitivity. I have called attention to the difficulties of estab- 
lishing hard and fast rules. I have encouraged the notion that ideas of 
tumor sensitivity may change with changes in radiologic technic. I 
have called attention to the need of expressing response to radiation in 
terms of dosage. Peculiarities in the behavior of certain tumor types 
have been noted, and differences in the responses of apparently similar 
tumors in different regions have been discussed. ]\fuch of the paper 
has unfortunatety been devoted to the statement of observed facts, which 
are often wholty unexplained. It is difficult to summarize in a few 
sentences material which many pages have but incompletety described, 
yet since some crystallization is necessary, the following brief para- 
graphs may serve. 

1. Radiologjf is an active science. Ideas and methods are constantly 
changing. As methods change, notions of what may be expected from 
irradiation of tumors will also change. For example, if current ideas 
of radiosensitivity were derived wholly from observations made in the 
days when the low voltage x-raj''s represented the entire therapeutic 
armamentarium, then sensitive tumors would be rare and the field of 
radiology limited. Improved methods, while they alter no fundamental 
principles, constantl}^ widen their applicability to the advantage of the 
patient with cancer, 

2. Radiosensitivity may mean rapid tumor regression, slower pro- 
gressive regressions over a period of from days to weeks or slow 
chronic atrophy requiring months or perhaps a year for completion. Of 
course, the same mechanisms are not responsible for these various 
responses, nor do they occur in the same types of tumors. Radio- 
sensitivity does not mean the certainty of cure by irradiation, nor docs 
radioresistance imply that a given tumor is not curable by irradiation. 

3. Certain tumors seem to possess inherent properties of radioresis- 
tance, as witnessed, for example, in the melanomas and neurogenic 
tumors. 

4. Radiosensitivity increases with increasing embryonal quality of 
the tumor cells. By einbrjmnal quality I do not imply that all tumors 
of embryonal origin are equally radiosensitive, since embryonal qual- 

129. Kn^p, Paul, and Ludin, Max: Klin, ktonatsbl, f. Augcnli. 83:279, 1929. 

130. Benedict, W. L. : Retinoblastoma in Homologous Eyes of Identical Twins, 

Arch. Opbtb. 2:545 (Nov.) 1929, 
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it}- is a relative attribute and many embryonal tumors rapidly acquire 
adult characteristics, for example, the complex teratomas. 

5. Radiosensitivty increases with the increasing degree of anaplasia 
This rule is siiljject to interpretation, for not all anaplastic tumors are 
radiosensitive. Some arc highly resistant, and unless the exact t\pe 
anaplastic tumor is specified, anaplasia may be of little significance. 

6. Radiosensitivitv is always a relative property. \\ hen one ^ta ' 
that a carcinoma of the breast, for example, is radiosensitire, one s o 
imply that it is sensitive according to the accustomed scale ^ 

of tumors of the breast and not according to the same scale ot sensi 
hvity one applies to lymphosarcoma. 

7. Tumors are apt to be more sensitive in young subject., 
anemic or cachectic person is a poor subject for radiation. 

B. Infection interferes with a normal response to radiation. 

9. Desmoplastic tumors are apt to be radioresistant. 

10. The tumor bed is of great importance. A normal tumor 
generally favorable. Bone, cartilage and fat make nnfar ora e m ^ 
lor. reactive processes and hence for regression of the tumor, 
^'■ascular bed is unfavorable for response to radiation. 

11- Tumors, when metastatic to Ivmph nodes, may be more 
'positive than the primary' tumors.' This phenomenon is not 
explained. iMetastases to the Ivmph nodes, long establishe ’ 

sensitive than recent emboli. The old metastasis^ has had tin 
acquire its definitive blood supply and to adapt itselt to its neu ^ 
roundings, while the recent embolus is still foreign to its ne , 
recent, rapidly growing metastasis is more apt to be unsta i e 
i^'iialler metastasis of longer duration. Cystic nodes are apt to le 
tant. ^ 


12. Bulky tumors may'^ become resistant after infarction ^ 
action, even though they' belong to usually sensitne .irirler 

’c due to the fact that fibrosis proceeds slowly' and ine cien y 
"utlr conditions. The cells in the liquefied areas are remove 
straining fibrosis. The same explanation may be applie to tnre 
r'ce of tumor cells lying in the midst of degene^ati^e or i T 
’^cin. for example in gelatinous carcinomas, mucinous o\anan 


D'donias, de 


'vuh 


generating chondroblastic tumors or 


Schneiderian cancer 


an overproduction of mucous. Secretion, however, is t e e. i ^ 
of the assumption of adult character in a tumor cell and henc 
Ppo.'^edly render it more resistant, ^ 

anatomic characteristics are of decided importance, ^ i 
the papillary character, delicacy ol w 
TP } and enclosure within a firm capsule, which may 
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obliteration of circulation after irradiation has caused the tumor to 
become edematous. Diffuse lymphatic plugging by tumor cells may 
lead to edema and interference with cell-fluid exchanges. 

14 . In the case of certain tumors some unknown ])hysiologic mech- 
anism seems involved in the response to radiation. Examples of this 
appear in myoma uteri and carcinomas of the breast, ovary and thyroid. 

15 . The effect of radiation is alwa3"s complex. It involves not only 
the tumor cell, but the tissues of the host, and possibly general reactions 
oil' the part of the host. The ultimate effect of the radiation must 
alwa3^s I'esult from a nice balance between tumor effect and response 
of the host tissue. The relative importance of the two mechanisms 
varies in different tumors. In some instances the known sensitivity is 
such that the radiologist 11733^ endeavor to destroy the tumor cells. I17 
others he can but hope for restraint of growth by moderatel3'- affecting 
the tumor cell and trusting that the responses of the host tissue will 
play a decided role. Under such circumstances tumor cells 11133^ remain 
in an indolent state in the midst of fibrous tissue for many 3'ears with- 
out giving I'ise to further damage. 

16 . Unfortunately, more particularl3' in the case of the extremely 
sensitive tumors, the radiologist is apt to be so impressed with the initial 
regression of the disease that he fails to push his treatment to tolerance 
and waits until, after a period of quiescence, the disease recurs in a 
more resistant form, when he must essay to do under poorer conditions 
what he failed to do at the start. 
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In recent years the allergic hypothesis for the etiology of chronic 
arthritis, especially the proliferatir’e type, has received considerable 
attention.^ According to this theory, the articular changes are local 
manifestations of a generalized allergic state. As early as 1902. Alenzer ' 
Suggested that streptococci first gained access to the joints, but that this 
did not result in inflaminatorv changes until antibodies were produced. 
Further researches by V'eintraud." Henry.^ Faber,* Friedberger,'’ 
Freiberg,' Klinge® and Gudzent® demonstrated that arthritic changes 
could be produced in experimental animals by first sensitizing the animal 
to bacterial or nonbacterial proteins and then by injecting the antigen 
into the joints. Similar results were obtained if the antigen was injected 
first into the joint and later into the general circulation. Swift and 
Ws coworkers have recent!}- studied experimental streptococcus allergy 


From the Department of Surgery of the University of Cliicago. 
b Brunschwig, A., and Jung, A.: .Arthrites suppurees experimentales, Rev. 
de chir., Paris 50:521, 1931. 

2. Alenzer, A.: Serumbehandlung bei akuten und cbronischen Gelenkrbeuma- 
‘■smus, Ztscbr. f. klin. Aled. 47:109, 1902. 

3. Weintraud, W. : Ueber die Pathogenesc des akuten Gelenkrheumatismus, 
klin. Wchnschr. 50:1381. 1913. 

•I- Henry, Lucy Dell : Contribution a I’etude du rheumatismc articulaire aigu, 
mil. Acad. roy. de med. de Belgique 28:76, 1914. 

Faber, H. K. : E.xpcriniental .Arthritis in Rabbits, J. Exper. Alcd. 22:615, 

1915 


6. Fricdberger : Ueber aseptiscb-erzcugle Gelenks-Schwelliingen beini Kanin- 
■'cbc.^Bcrl. klin, tVcbnscbr. 50:88. 1913. 

t. Freiberg, J. ,A. ; Allergy as a Factor in Production of Proliferative .Arthri- 
Surg. 18:645 (Feb.) 1929. 

*■ Klin'je. F. : Die Riweiss Ucberempfindliclikcit (Gcwcbsanaphylaxic J dur 
^^■'eukc. Bcitr. z. path. Anat. u. z. all.g. Path. 83:185, 1929. 

Gudzeiu. F. ; Experimental Production of .Articular Rheumatism. Berlin 
®^ = 236 (Tulv 16) 1932. 

m. Swift, H. F.c Derick. C. 1... .mid Hitchcock. C. H.: Bacterial .Allergy 
jQ,H''r'^'^"y) to Xonhetnolytic Streptococci. J. -A. M. .A. SC:Uud ( M.-irch 24) 



1066 


ARCHIVES OF SURGERY 

in rabbits, with the view of explaining the etiology of rheumatic fever 
in nian principally on an allergic basis, with streptococci as the antigen. 

the allergic theory, however, leaves much to be explained concern- 
ing the etiology of chronic arthritis. And it is a question whether all 
of the changes ascribed to allergy in this connection are due to this 
jihenomenon or to other factors. 

The following series of experiments were performed to determine 
what direct effect bacterial decomposition and metabolic products may 
have on the synovia of experimental animals as compared with other 
proteins of nonbacterial origin. Daily injections of rather large quan- 
tities of filtrates were made in order to rule out as much as possible 
the allergic factor, so that the lesions obtained may be ascribed to a 
direct effect of the filtrates rather than to an allergic phenomenon. The 
continued flooding of the field by a large amount of antigen would 
serve to desensitize the tissues, 

PROTOCOLS OF EXPERIMENTS 

Filtrates of tlie following organisms were used: B. subtilis, Streptococcus 
viridans (a strain isolated from a case of subacute bacterial endocarditis) and a 
diphtheroid bacillus obtained from a routine bacteriologic examination of urine 
and not regarded as a pathogen. They were prepared as follows ; one hundred 
cubic centimeters of beef infusion broth was inoculated and placed in the incubator 
at 37,5 C, (99,5 F,) for seven days. The cultures were then passed tlirough 
Berkefeld candles (N) and the sterility of the filtrates was controlled before use. 
The diphtheroid bacillus passed through the candle repeatedly (filfrablc form), 
and therefore this filtrate had to be sterilized in the autoclave. 

Expcrtmcnt 1. — This e.vperiment was made to determine whether or not rabbits 
are naturally sensitive to the filtrates used. 

Four rabbits received intracutaneous injections of 1 cc, of the filtrates, sterile 
broth being used as control. By the end of four days no positive cutaneous 
reactions had developed. 

E.vpcnmcnt 2. — This experiment was made to study the effects of unlicatcd 
B. subtilis filtrate and autoclaved Streptococcus viridans filtrate on the .synovia of 
rabbits’ knee joints after repeated intra-articular injections. 

One cubic centimeter of eaeh of the filtrates mentioned was injected into the 
right and left knee joints, respectively, of rabbits. One animal was killed twenty- 
four hours after two daifi^ injections; another after seven daily injections, and 
three after twenty-one injections made over a period of four weeks, no two 
injections being given less than twenty-four Iiours apart. 

The joints were slightb' swollen after the second or third injection, but they 
did not seem to cause much discomfort to the animals. Grossly, the joints con- 
tained a slight mucopurulent exudate after two injections, a more vi.scous e.vudate 
after seven injections and a frankly mucopurulent exudate after twenty-one 
injections. After seven injections, the synovia was pale yellow and moileratcly 
edematous, but after a month of exposure to the filtrates it became markedly 
swollen, and its color changed to tan; at no time were there ulcerations. .All 
exudates from the joints were cultured and remained .sterile after three ueeks 
incubation. Histologic study of the .synovial membranes from the various rabbit'- 
revealed that after two injections there were a slight edema and diffU'C leukocytic 
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infiltration with a large percentage of eosinophils. After seven injections the 
edema and leukocytic invasion were more pronounced. There was still a large 
percentage of eosinophils and in places small foci of h'mphoc3‘tes were present 
in the superficial portions of the sjTiovia. After twenU'-one injections made during 
one month’s time, the changes were marked. The sj-novia was thickened, owing to 
edema of the deeper portion and a rather extensive fibrosis of the superficial 
portion, with dense diffuse and focal infiltration by lymphocj-tes, macrophages and 
some plasma cells. Some eosinophils were still present, but not in the numbers 
seen in earlier sections. The sjTiovial villi were thickened, club-shaped and 
distended by infiltrating leukocj’tes and proliferation of fibrous tissue. 



— Photomicrograph showing synovia from rabbit’s knee joint after two 
difi' injections of B. subtilis filtrate. There are slight edema and 

use infiltration bj- leukocj-tes, mainh' eosinophils; reduced from a magnification 


Tl 

joint Sross evidence of the destruction of cartilage in any of the 

^ c.xaniincd, but in those into which injections were made over a period of 
nonth the cartilage was duller than normal. 

A — Five rabbits were used in this series. Similar injections were 
m the previous experiment, unheated Streptococcus viridans filtrate being 
^ . C'.tcd into the right knee and autoclaved. B. subtilis filtrate was used in the left 
■ . rabbits were killed at similar intervals after th.e same num.bcr of 

1.1 1 Ct ^ • 

prcvionslv. The sjmovia showed chances identical to tho.'C just 
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Experiment 4.~A third series of three rabbits received intra-articular injections 
of autoclaved diphtheroid bacillus filtrate in the right knee. One rabbit was killed 
a ter two daily injections and two rabbits after twenty-one injections given during 
a period of one month. The gross and histologic observations were essentially 
the same as those found in experiment 2. 

Experiment 5. —An experiment was made to study the effects of intra-articular 
injections of viable cultures of the organisms the filtrates of which were used in 
previous experiments. 

Into both knees of three rabbits, 1 cc. of a centrifugated seven-day culture of 
the Streptococcus viridans, B. subtilis and diphtheroid bacilli used in the previous 



Fig. 2. — Photomicrograph of synovia or rabbit’s knee joint after seven daily 
intra-articular injections of B. subtilis filtrate. Moderate edema and moderate 
infiltration by leukocytes, mainly eosinophils are seen; reduced from a magnifica- 
tion of X 120. 

experiments were injected respectively. No gross changes were noted in the knee 
joints. One month after injection the animals were killed. There was no exudate 
in the joints; cultures of the synovia were sterile. Histologic examination 
revealed normal synovial membranes. Since the organisms were not able to grow 
in these animals, sufficient metabolic and decomposition products were not present 
in the joints to produce synovial changes. 

Experiment 6. — This experiment was made to study the effects of egg white 
and human blood serum in the synovia of rabbits. Preliminary intracutancous 
injections into two rabbits showed no natural sensitivity to these proteins. 
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Three rabbits were used in this experiinent. Xormal human blood serum and 
fgg white, obtained under sterile conditions were diluted with physiologic solution 
of sodium chloride, in a proportion of 1 : 10, and intra-articular injections were 
carried out as in experiment 2. One cubic centimeter of human blood serum was 
injected into the right knee and a similar quantity of egg white into the left. 
One animal was killed twenty- four hours after the second daily injection. The 
S)novia was practically unchanged. After twent\’-one injections made during a 
period of one month, the other two animals were killed : cultures of the muco- 
purulent exudate from the joints were sterile. Sections of the edematous 
yellowish synovia revealed essentially the same picture of chronic synovitis as was 
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injections vvere made. One month later the animals were killed. The capsules of 
the knee joints had perforated in several places, allowing the thick, purulent exu- 
date from the joints to infiltrate into the periarticular tissues. The synovia was 
soft, thickened, yellow and easily torn. The articular cartilages were dull, but 
grossly exhibited no areas of destruction. Sections of the synovia showed exten- 
sive edema and diffuse infiltration by all types of leukocytes, with foci of tissue 
necrosis and ulceration in the synovial lining. The histologic appearance was not 
that of a gradually developing sclerotic type of chronic inflammation as seen in 
sections from the synovia of those joints subjected to repeated injections of the 
bacterial filtrates. 

Injections of sterile broth mediums were not made as controls for this series of 
experiments, since in a previous report Brunschwig and Jungi showed that such 
injections made daily for a period of three weeks produced only slight changes in 
the synovia. These changes were characterized by slight edema, no fibrosis and 
very slight diffuse infiltration by leukocytes. 


COMMENT 

The experiments performed demonstrate that bacterial decomposition 
and metabolic products brought into direct contact with synovia are 
capable of inciting an acute inflammatory reaction which if kept up 
evolves into a cltronic stage in a short time. There are at first only moder- 
ate edema and diffuse leukocytic invasion. This is followed by fibrosis 
and dense focal accumulation of leukocytes, primarily 13 'mphocytes, in the 
synovia, with club-shaped enlargement of the villi. An interesting 
feature is the large number of eosinophils present as infiltrative cells 
in the more acute stages. In the later chronic stage the number of 
eosinophils is markedly reduced. There is no difference between the 
reaction produced by filtrates of Streptococcus viridans (a pathogen), 
by B. subtilis (a saprophyte) and by diphtheroid bacilli. The substances 
in the filtrates capable of inciting this reaction are heat-stable, since 
they withstand autoclaving for fifteen minutes at 120 C. (248 F.) and 
15 pounds (6.8 Kg.) of pressure. 

Almost identical inflammatory reactions are produced in the synovia 
by such foreign proteins as egg white and human blood serum, which 
of course are not bacterial in origin. 

The changes described are considered primarily the result of a direct 
action of the foreign proteins on the synovia rather than an allergic 
phenomenon. The histologic appearance of the sjmovia is not compar- 
able to that of Arthus’ phenomena produced in the subcutaneous ti.s.snes 
of rabbits with tuberculin. In the latter there arc extensive edema, 
necrosis and interstitial fibrinous exudation with dense diffuse and focal 
polymorphonuclear infiltration. In the synovial membranes of the 
animals used in the experiments described there is at first a relatively 
mild reaction, which, under continued exposure to the injccterl sub- 
stances, becomes more pronounced, exhibiting the histologic picture o 
a long-standing chronic, sclerosing, nonspecific inflammation. 
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The eosinophil has long been identified with allergic reactions. 
It also has been regarded as the cell of defense against soluble toxic 
substances, in contrast to the polymorphonuclear neutrophil which is so 
readily mobilized in invasion by particulate matter such as bacteria. 
Therefore the presence of eosinophils in the earlier stages of the inflam- 
mator)'^ reaction produced in the experiments described may not be 
interpreted as evidence of allerg}’, but may be accounted for by the 
soluble nature of the noxious agents used. Eosinophils are not rarely 
seen in the synovia in proliferative arthritis in man. 

A further review of the extensive literature on the allergic hypothesis 
for the etiolog}^ of arthritis is beyond the scope of this paper. An excel- 
lent summary of the question has recently been made by Jordan, and 
the reader is referred to this publication for a more detailed discussion 
and bibliography. 

In conclusion, it may be stated that if changes in the articulations 
of animals resembling chronic arthritis in man have been produced by 
causing an allergic reaction to occur in these joints, it has also been 
possible to produce such lesions by direct action of foreign protein 
material of either a bacterial or a nonbacterial source. 

SUMMARY 

1. Filtrates of seven day cultures of Streptococcus viridans, B. 
subtilis, and a diphtheroid bacillus repeatedly injected at short inten^als 
mto the knee joints of rabbits induce first an acute inflammator}- reaction 
characterized by edema and leukoc}i:ic infiltration (mainly eosinophils) 
m the synovia and later by fibrosis and a dense focal and diffuse round 
cell invasion, with few eosinophils and a club-shaped enlargement of the 
synovial villi. 

2. Similar changes are produced by the injection of egg white and 
human blood serum. 

It is believed that the lesions produced are primarily the result of 
^ direct action of the filtrates and other proteins on the synowa, and 
that they are not allergic phenomena. 


11- Jordan, E. P. ; The yticrobic Etiologj- of Rheumatic Fever and Arthritis, 
Arch. Path. 10:79 (July) 1930. 



SYMPATHETIC SYSTEM AND PAIN PHENOMENA 

R. CUNLIFFE SHAW, F.R.C.S. 

PRESTON, ENGLAND 

Although the somatic nerves are still regarded as the mediators of 
afferent impulses, there has been an accumulation of evidence to show 
that the sympathetic system possesses a sensory function and is con- 
cerned in the pioduction of certain types of intractable neuralgia. 

It is the objective of this paper to outline the conclusions of certain 
expel imental and clinical observations, illustrating the afferent associa- 
tions of the sympathetic system, and to correlate these facts with the 
results of S3mipathectomy for severe neuralgic conditions. 

RESIDUAL SENSATION AFTER SOMATIC DENERVATION 

Surgical intervention has shown that in cases of intractable neuralgic 
crises in which there has been an extensive division of the posterior 
spinal roots the resultant anesthesia is often incomplete, and the pain 
has persisted. Foerster’s ^ results for the gastric crises of tabes 
dorsalis were 49 per cent cure and 51 per cent failure or partial relief 
only. In two of Thorburn’s cases, which I - examined in some detail, 
there was complete retention of deep sensation, although there had been 
a bilateral posterior rhizotomy of the fifth to the eighth roots in one 
instance and a unilateral posterior rhizotomy of the fifth to the ninth 
roots in the other. Both were clinical failures. Other surgeons have 
obtained comparable results. 

The presence of deep sensation after section of the somatic sensory 
roots suggested : ( 1 ) experimental irritation in a case of this type with 
a known sympathetic stimulant; (2) section of the nerve roots in 
animals to endeavor to elucidate the path of the residual sensation; 
(3) observations of cases in which anterior rhizotomy had been per- 
formed. 

These lines of investigation were carried out; the details are given 
elsewhere; it will suffice here to state the results. 

1. A case in which posterior rhizotomy had failed to relieve gastric 
crises was selected. In the area of surface anesthesia the sweat secretory 
and pilomotor functions were demonstrated, and the sj-mpathetic .system 
was stimulated by the injection of epinephrine. A serious crisis 
resulted, which began immediately after the administration of the 
epinephrine, with the onset of pain within the area of surface anesthesia, 

1. Foerster, O.: Surg., Gynec. & Obsf. 16:463, 1913; Proc. Poy. Snc. Med. 
(Sect. Surg.) 4:226. 1910-191 i. 

2. Shaw, R. C. : Brit. J. Surg. 9:450 and 454, 1922; 11:648, 1924. 
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and it was found that there was a marked lowering of the threshold for 
pressure pain ever 3 '\vhere in this area. This suggested that the sym- 
pathetic, the retained deep sensation and the lowered deep sensor}* 
thresholds were interrelated. 

2. A series of rhizotomies was performed on animals, and it was 
found, on testing the deep tissues with a pinch-prick stimulus after 
extensive section of the posterior root, that a certain percentage of cases 
exhibited evidence of residual sensation. 

Lehmann ^ of Gottingen, working on the same subject, obtained 
corroborative evidence in dogs; division of the dorsal roots resulted in 
anesthesia of the abdominal w*all; but there was no loss of sensation 
'n the abdominal viscera or their vascular supply. On the other hand, 
after division of the corresponding ventral roots only, converse results 
were obtained. 


This work proved that the ventral roots were the mediators of the 
residual sensation. In my cases staining of the central ends of the 
severed anterior roots showed evidence of degeneration, thus eliminating 
the possibility of sensory fibers from the dorsal ganglions entering the 
spinal cord with the motor outflow. 

Investigation of a case of Thorburn’s, in which there had been 
division of the anterior and posterior roots for gastric crises, revealed 
total anesthesia of the body wall and freedom from pain seven years 
after operation. 


Several cases have been reported in which posterior rhizotomy has 
ailed to relieve intractable neuralgia in amputation stumps, but division 
° the remaining ventral roots has completely abolished the pain 

Syndrome. 

The remarkable contraction of the anesthetic area following section 
® the posterior root of the fifth nerve has long been recognized. 

ccently Helson and Frazier^ have shown that after section of the 
sensor} roots of the fifth nerve, along with other evidence of sensory 
I'cstoration, the subject responds to an extremely hot stimulus, which 
uppreciation is lost if, in addition to the division of the sensory root, 
n t loracic sympathectomy has been performed. 

This evidence shows that the residual sensation after division of the 
^oniatic inner\'ation to an area of its body is dependent on fibers that 
^' erse the ventral spinal roots, that the fibers are probably of sympa- 
'c ic origin and pass through the anatomic sympathetic channels, and 
^|iit this sensory residue is capable of excitation by chemical stimuli 
known sympathetic proclivity. Lastly, after somatic denervation 
iiiary methods of sensory examination may elicit a response after a 
'iitable period of recovery has elapsed. 


. ' hc^im.inn, ; Ztsclir. f. d. rcs. exper, Med. 12:331. 1921; Zcntmlbl. i. 
'-'iir. 49:43 j_ 1922. 

Hcl.-^oti. H.. .and Fraxicr. C. H.; Rram 55:114. 19.32. 
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DUAL TYPE OF SENSATION ELICITED BY IRRITATION OF THE 
CERVICOTHORACIC SYMPATHETIC GANGLION 

In order to demonstrate the effects of direct irritation of the sym- 
pathetic pathway, I carried out a cervicothoracic ganglionectomy by the 
supraclavicular route under procaine hydrochloride anesthesia of the 
supeificial tissues. Xhe patient was given an injection of morphine and 
scopolamine at a sufficient interval before the operation to dull his mental 
acuity during the initial exposure of the ganglion chain. By the time 
the cervicothoracic ganglion was exposed he was reasonably apprecia- 
tive of all sensation. I found that light pinching of the upper pole of 
the ganglion produced a sensation of touch which the patient referred 
to the region of the axilla, but crushing of the ganglion with artery 
forceps caused an excruciating pain of a burning and griping character, 
which was felt inwardly over the region of the heart. This pain did 
not follow instantly after the crushing, but began after a latent period 
of a few seconds, increased in intensity for an appreciable time and, 
after some minutes, gradually waned and died away. On removal 
of the ganglion by traction on the thoracic chain, a similar outburst 
of pain was excited, which lasted about twenty-four hours, but varied 
considerably in intensity during this period. 

Leriche ° and others have observed the burning and boring char- 
acter of pain following manipulation of tlie sympathetic chain, and 
analogy with Helson and Frazier’s observations is at once suggested. 

I ® have discussed elsewhere the presence of a small group of large 
medullated fibers (from 10 to 13 microns) in the cervical sympathetic 
chain, which are comparable to the large sensory fibers described by 
I.angley ^ that terminate in capsular end-oi'gans, and also to the large 
fibers mentioned by Gaskell ® and by Edgeworth.” They are present in 
the cervicothoracic chain; a few fibers are distributed in the branches 
to the brachial roots and the vagus nerve, and others ascend the cervical 
chain to the superior ganglion. 

It is probable that the fibers originate from the cells of the posterior 
spinal ganglions. There is, therefore, in the anatomic sympathetic 
chain a sensor}^ pathway which may subserve ordinary somatic sensa- 
tion, and this might explain the ready appreciation of light touch on 
the ganglion in the case I mentioned. On the other hand, the burning 
and boring type of pain that was elicited on crusliing the ganglion 
suggests a diflferent origin in view of the latent period of onset, the 

5. Lcrichc, R. : Ann. Surg, 74:385, 1921; 88:449, 1928. 

6. Shaw, R. C. : Lancet 1:640, 1924. 

7. Langley, J. N. : J. Phy.Mnl. 56:382. 1922; Tr. Roy. Soc. London, s.E. J83: 

118, 1892. 

8. Gaskell, \V. H.: J. Physiol. 7:1, 1886 . 

9. Edgeworth, F. H. ; J. Plivslol. 13:260, 1892. 
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10. ?haw. R. C.; T. Pliytiol. 5S:2SS. pathologic du fystetne 

11. Rcrnacd. Claude Lecons s«r la P - 

larvcux. P.nri?. T. B. BaillRrc. iSsS. 173:95'! (Xov. 141 It*-!- 

12. Tt^urmy, A.'. Conipt. rend. Acn 
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Ihe relationship, therefore, between the sympathetic and the somatic 
sensory apparatus would appear to be that of a brake or control of 
the sensory thresholds, and its loss causes a temporary fall below 
the normal threshold value. 

It is conceivable that this function would be called into jiiay in the 
flight-fight syndrome, the healing of wounds and sexual function. 
Fuither, this lelationship emphasizes the remarkable dissociation between 
the sympathetic pain S 3 mdrome of certain neuralgias and somatic 
sensation. 

SURGICAL EVIDENCE OF THE SVMPATHETIC PAIN PATH 

Surgical procedures have been carried out for a variety of conditions 
of pain, both visceral and peripheral, and maii}'^ successful cases have 
been reported. In reasoning from such material that a specific pain 
pathway has been severed by the operation, one is open to fallacy if 
one considers the relief of the symptoms from another standpoint. 
It is obvious that if an area of tissue, for example a finger, is under- 
going necrotic change the chemical products of disintegration 'might 
irritate the sensory endings, and the arrest of the degenerative process 
by vasodilatation might give an equivalent relief from neural irritation 
progressive in character and tending to final cure. 

In order that it may be reasonably inferred that the operation of 
sympathectomy definitely removes or interferes with the mechanism of 
the pain apparatus, cases should fulfil the following conditions: 

1. There should be severe preoperative pain and immediate postopera- 
tive relief. 2. There should be an absence of a gross pathologic lesion, 
the healing of which might account for the subsidence of pain, or, 
conversely, if such a lesion exists, the pain should cease long before 
it heals. 3. There should be an absence of pain in cases exhibiting a 
minimum degree of postoperative thermal response, showing that the 
relief from pain is not entirel}' due to the secondary benefits of increased 
metabolic activity. 

The following cases have fulfilled these requirements, and may be 
considered in two groups, according to whether the paraspinal ganglion 
or the periarterial plexus was removed. 

REPORT OF CASES 

Case \.—Hislory.—A. G. R, a m.m, aged 42, a fitter, had had .severe p.-iin 
in the left thigh in 1928; the pain steadily became worse, and fic.xion deformity 
of the left hip joint developed. In 1929, he was admitted to the infirmary and 
treated with massage and electricity; the pain remained severe; wasting of tlic 
muscles began, and he rapidly became emaciated. 

The patient was readmitted to the infirmary on May .x 19.31, complaining of 
severe pain over the left thigh, radiating to the foot ; the pain was of a hiirning 
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onng ciaracter, and was accompanied by profuse sweating and marked vaso- 
^ons nction. He was extremely emaciated; there was advanced osteo-arthritis of 
e e t ip Joint, the thigh was held in a position of 60 degrees of flexion. There 
'ere marked tenderness and pressure over the left foot. There was no tenderness 
ot the sciatic nerve. 

bourse . — On .August 1, left lumbar ganglionectom^- was per- 
Th * removal of the second, third and fourth lumbar ganglions. 

^ ^ ceased immediately after the operation, except for local pain on 
, of the hip joint ; the leg became warm and dry, having a rise in surface 

^ ’ further treatment of the hip joint was refused, 

6 patient was discharged. 

of Feb. 1, 1933, showed the patient still entirely free from crises 

gained weight ; his osteo-arthritic condition had progressed ; 
‘he leg was still warm and dry. 

“■ •ff'-ffory. — P. McC., aged 54, an ex-soldier, several weeks prior to 
radiated*'^' ^overe crises of pain in the index finger of the left hand; the pain 
coin 1 ' ’ '*■ continuous day and night, and he lost sleep ; dis- 

to th^ 'h*' terminal necrosis of the distal phalanx began. He was admitted 
finger June 16, 1931, with a bluish discoloration of the whole index 

Phalan ° hnnd, with necrosis of the superficial laj’ers of the terminal 

tvas of a severe, burning, aching character, with critical 
•^^acerbation and radiation up the arm. 

niiddfe^*^°^'°-* Coiii-je. — On June 16, excision of the left cervicothoracic and 

Aft ganglions was performed under procaine hydrochloride anesthesia, 

discol ‘"’^nty-four hours all pain ceased in the left arm and hand ; the bluish 
"■as sbwl'°^ nn-pidly subsided, and the necrotic area of the left index finger 
onl,. 1 ^ ^^squamated. The surface temperature showed an average rise of 

F. on the left hand. 

enttroi reexamination showed that the left hand had remained 

entirely free from 


fingers A~ P^'u, and there was no evidence of any further necrosis of the 

of the I f grown on the left index finger. The surface temperature 

^ niidpalm was 0.5 F. higher than that of the right, and the surface 


‘emper was o.a r-. mgher than that ot the right, ana tne suriace 

exposur inde.x finger was 1 F. higher than that of the right. On 

^ 0 to cold, both hands showed a bluish discoloration. 

"I'ich ^ ^t^lory. — W. L. H., a man, aged 29, an iron worker, had a condition 

nspect of^^h three years prior to admission with a perforating ulcer on the plantar 

nail *^'Bht great toe, which was said to have followed irritation with a 

'0 a boot. 

sbo\vcd*^'K'?^-'°"’ "'bole surface of the great toe and the dorsum of the foot 
^'’ft. pu 1 discoloration. On the plantar aspect of the great toe was a 

base \v.a”^ ulcer 1 inch (2.5 cm.) in diameter ; the edge was ragged ; the 

plained' of floor showed a sloughing area. The patient com- 
*b'^ grc.it ®'^''cre burning and aching pain over the dorsum of the foot from 
but ankle joint and radiating to the knee; the pain was continuous, 

C'^ndiiln ^ nervous svstem revealed nothing abnormal. The general 

"" excellent. 

0 Aj.- . . 

iu)cct'*i' Ooursc . — On Sept. 12, 1932. a proprietary procaine prcp.arntion 

•a rielii b/ i surface temperature showed a rise of appro.ximately R F. ; 

panglionectomv was performed, the second, third and fourth 
■'btip being removed. 
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Tlic ])aiii ccnscd iiiiiiicciiatfly after operation. The bluish-reel discoloration 
had disappeared b}’ the third day, and tiic ulcer rapidly contracted in the area 
and dried up, showing a keratinized surface. An estimation of the surface 
temperature after operation gave an a\'eragc rise of 2 F, on the right foot 
compared with the left. 

Reexamination si.x weeks after operation showed no recurrence of pain. The 
surface temperature of tlie right foot still showed a rise of 2 F. above the left 
foot. 


Three cases have been described in wliich there was severe pain up 
to the time of operation, and after extirpation of the sympathetic fibers 
the relief was practically immediate. 

In the first case, there was no gross pathologic lesion of the surface 
of the limb which might account for the pain, and the condition must 
have been due to a pure irritation of the S3nnpathetic pathwa}^ which 
ceased on its removal. The pain could have borne no relationship to 
the chronic and slowly progressive osteo-arthritis of the hip joint. 

In the other cases a distal surface lesion existed, but the pain 
ceased directly after operation and, therefore, long prior to the fina 
desquamation and healing of the necrotic foci. 

Finally, the thermal response in all of the cases was of a minor 
degree, yet, despite the small difference in temperature, the pain syn 
drome was promptly abolished, discounting the view that the relief fiom 

pain is due to improved metabolism. 

It is from the minor periarterial operation that one obtains secon arj 
evidence that the continuity of the sympathetic neural apparatus is 
intimately concerned in the maintenance of many neuralgic conditions. 
The following three cases showed immediate relief from seveie pam 
crises after stripping of the perifemoral adventitial sheath and tie 
injection of absolute alcohol into the severed extremities of the plexus. 


Case 4.~-History. —On Sept. 9, 1930, a man, aged 56, a fireman, ° 

a small ulcer over the plantar surface of the hallus of the right foot. ‘ ^ 
extremely painful and gradually extended, being surrounded J .j 

tender, dusky red area. Finally, the great toe became completely black A 
night prior to admission the same process began m the second and thirc 

On admission to the hospital on December 20, examination showed 
patient was suffering from a severe pain in the medial dmee toes of he r.g ^^^ 
There was a deep sloughing ulcer over the plantar surface o ^ ,^^,crc 

and the second and third toes showed definite gangrene. The 
deeply cyanotic, and there were redness and slight edema on the dorsum of the 


Operation and Course.— Right perifemoral sympathectomy was performed on 

Tlfr on .1.0 eroa. loo alowly .Irio.I np after ll.e remool of a arf .e»'> • 
,1,0 ,00 beoan.. co.nplc.ly boalcd ™o ga„Brono,.a ^ 
speedily showed a line of demarcation, and were later disarficulai 
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disappeared within the first twenty-four hours, and the c\-anosis subsided within 
a week. The average postoperative rise in surface temperature was 1 F. 

On July 7, 1931, examination showed that the foot was soundly healed and free 
from any painful sensations. 

On reexamination on Oct. 15, 1932, it was found that pain had been returning 
in the foot during the past three weeks. There was no further necrosis. The 
surface temperature increased from 0.5 to 1 F. 

Case 5. — History. — A man, aged 47, a night watchman, had complained of a 
sore spot on the plantar surface of the fourth toe for two weeks prior to admission. 
The three lateral toes had been extremely painful. The pain, which was of a 
burning, boring character, had started two months previously. 

On admission to the hospital, the entire right foot was extremely painful and of 
3 dusk} red hue. There was a black discoloration of the two lateral toes, and 
sight discoloration of the third toe, which was extremely tender to pressure, 
here was a slight edema over the dorsum of the foot. 

Operation and Course. — Right perifemoral svmpathectomy was performed on 
5, 1931. 


he pain subsided immediatelv after operation ; the discoloration of the toes 
’-Appeared within a fortnight, with the exception of a small area of the 
sxtremit} of the fourth toe, which became mummified and separated from the 
ormal tissues. The surface temperature rose from 0.5 to 1 F. 

his patient remained free from pain for six months, when he died suddenh. 
h (>—History.-.\ woman, aged 66, a housewife, stated that her right foot 
aa been injured by a nail five months prior to admission; a severe burning and 
P®'" had begun in the foot, and had become much worse during the last 
• An area of necrosis appeared at the base of the small toe, and another 
on the ball of the great toe. 

Un admission to the hospital on June 13, the pain was extremely severe. 

/’cra/ion and Course. — Perifemoral SAunpathectomy was performed on June 6. 

. ceased immediately after operation, and the patient nas free from 

'’^^-'^^"'ination twelve months later. The necrotic area dried up and was 
svn, ^ months after operation. The rise in surface temperature alter 
>"’Pathectomy was never more than 1 F. 


bit 'i* cases the thermal reactions were almost negligible, 

di loadings of the pressure pain showed a definite lowering of the 
the ^ levels, proving that the proximal operation had affected 

extremities of the limb, despite a minimum vascular relaxation. 

Soo Results may be compared with those reported by Rogers, of 
in seven cases of thrombo-angiitis obliterans in which the 
treated by the injection of alcohol into the perifemoral 
fro,' bhat all of the patients experienced prompt relief 

thes' bhe most striking evidence contributor}' to the present 

tWo ^ff^tirded by one of the cases in which pain and cranosis of 
developed, in addition to a lesion of the foot. In thi> 
f'bro'l^l "Section of alcohol into the brachial artery, though it wa.^ 
’ "'^"pulsatile and cordlike, resulted in the immediate relief oi 

Ll^^^^^hand. 

b ^1-1 China M. J. 45:515. 1931. 
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TJie condition of thennaigia provides similar evidence tliat both the 
local operative procedure directed at tlie lesion of a mixed nerve and 
periarterial sympathectomy have yielded relief from pain. For example, 
the Russian suigeons, according’ to Roubacheff,'’* in a series of twenty- 
nine cases obtained sixteen cures and in twelve instances the patients 
were definitely relieved by periarterial sympathectomy. Similarly, 
patients with radiodermatitis have been treated by periarterial sympa- 
thectomy, and a reasonalde percentage have been relieved from pain. 

On account of tlic anatomic distribution of nerves to the blood 
vessels, periarterial sympathectomy cannot affect the principal vasomotor 
supply of a limb nor interfere with the somatic innervation, yet there 
is evidence from clinical results, thermal reactions and chaiiges in 
pressure i^ain that it does produce distal effects in the limb. The 
explanation seems to lie in the conce])tion of the symi)athetic nervous 
system as a closed neural circuit through the median of the continuous 
plexus on the vascular tree distributed intimately to all the peripheral 
tissues. Disruption of this plexus would result in a molecular dis- 
turbance radiating through the entire sympathetic plexus, thereby 
inhibiting the radiation of pain stimuli. 

CONCLUSIONS 

1. The sympathetic fibers may conduct afferent stimuli-subserving 
common sensation after the extirpation of the somatic innervation; 
this function appears to develop gradually after removal of the spinal 
nerve supply. 

2. Sympathetic fibers convey impulses of j)ain in certain tyj)cs of 
intractable neuralgia which are distinct from the conditions of pain 
conveyed by the spinal system. 

3. The synipathetic systcni acts as a control on the somatic sensory 
thresholds, and the removal of this influence is followed by a tcmjiorary 
increase of common sensitivity, 

4. The anatomic s\’mpathctic pathway in the ccrvicothoracic region 
contains spinal sensory fibers, the irritation of which inigiit result in a 
composite type of neuralgic pain. 

5. Surgical ablation of the paraspiiiai ganglions will definitely cure 
the sympathetic type of intractable neuralgia through removal of the 
mechanism of pain. Periarterial sympathectomy will certainly relieve 
pain in similar conditions, and it is suggested that the operation produces 
its results by the induction of an inhibitory pha.se through the radiation 
of molecular shock throughout the .sympathetic neural circuit. 

14, RmibacticfT, S.; Rev. de cliir. 65:341. 1927. 
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An attempt to ascertain the cause of death in intestinal obstruction 
immediately gives rise to these fundamental questions: First (the long 
debated question), are there formation and absorption of a toxin in 
fhe loop of the bowel above the obstruction ? Second, is there an 
altered absorption rate, either an increased absorption of substances 
normally present in the intestinal tract or a decreased absorption below 
the obstruction because substances secreted in the upper segment fail 
to reach the lower absorption area? The latter phenomenon may be 
the fundamental principle of a normal physiochemical balance. 

It is now the opinion of most writers and authorities on the subject 
tiat intestinal obstruction mav be classified either as simple obstruction 
or as obstruction with gangrene, or interference with the blood supply. 

c know there is a gross difference between the two conditions. That 
^ ore is a toxic element in the second group is indisputable ; at present 
fie evidence indicates that a definite toxin is not the exciting cause of 


death 


in simple obstructions. 


the 


In early experiments on this subject, great emphasis was placed on 
' presence of a newly formed and exceedingly toxic substance in the 
md contents above the obstruction and tbe fact that absorption was 
^I'gTnented by increased pressure and by changes in the mucous mem- 
irane. According to Cooper,^ Amussat. in 1838. was the first to sug- 
Sc.st the existence of toxic absorption. Tbe same theon.' was widely 
sponsored by Bouchard in 1885. Since then a great many investigators 
attempted to prove tliat death is caused by a toxin absorijed above 
le obstructed level, in combination with a disturbance of tbe acid-base 
i-'iluilibrium. Albeck.- Kukula," McClure, Stone. Bernlieim and ^\'I^ip- 


rom the Departments of Surgrery and Anatomy of the L'niversity of Xebraska. 
_ ■ f-’iopcr. H. S. F. ; The Cause of Death in High Obstruction. Arcii. Sure. 
U:9hS (Dec.') 1928. 

V.: E.xperimcntelle und klinisebe Untersucliunecn fiber die 
Ci-ursache bci Dimndarmstrangulation. Arch. f. klin. Cliir. 45:5b9. 1902. 

Untersuchungen fiber .Autointoxication Iiei Darmoochi'i-.iien. 
" klin. Chir. 63:77o. 1901. 
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pie/ Clairmont and Ranzi/ and Roger and Gamier ® believed that they 
were able to show tliat a strong toxic factor is at work. 

Although Kukula, in 1901, and Magnus-EJsleben,' in 1906, bad con- 
cluded from their experiments that the contents of the bowel botli of 
normal dogs and of those with obstructed intestines were toxic, it was 
not until Wangensteen,® in 1928, substantiated the work of Roger and 
Gamier and offered further evidence of the toxicity of the contents 
of the normal intestine that the matter was given serious attention, and 
it was thought that perhaps the absorption of a specific newly-formed 
toxin was not the etiologic factor, Wangensteen, after careful experi- 
ments, not only established the fact that there was equal toxicity of the 
contents of normal and of obstructed intestines, but stated that appar- 
ently the contents below the obstruction were even more toxic than those 
above it. The questions of the rate of absorption or the selectivity 
from above or below the obstruction were not considered in these experi- 
ments, and these omissions encom-aged us to proceed with a group of 
experiments on which we had been working for more than a year. 

It seems logical that if no specific toxin is present in obstructed 
loops free from gangrene, the lethal factor must be, as stated in tiie 
first paragraph, either increased absorption of substances normally 
present in the intestine or the failure of a neutralization process or 
buffer reaction which would ordinarily occur when the contents of the 
upper and lower intestines mingle. It is also possible that this failure 
may affect the function of the secretion of tlie intestinal mucosa and 
in some remote manner play a role in the cause of death. 

In 1904, Clairmont and Ranzi presented the first experiments on 
decreased absorption above obstruction in the intestine, but their results 
were not conclusive. They injected a 2 per cent solution of calcium 
iodide into the intestinal lumens of both normal animals and those with 
obstructed intestines. The urine was then tested at frequent intervals 
to ascertain the presence of iodine. After numerous experiments, they 
concluded that the rate of absorption above the obstruction was greater 


4. Stone, H. B. ; Bernheim, B. M., and Whipple, G. K. : Intestinal Ohsfriiction . 
A Study of the Toxic Factors, Bull. Johns Hopkins Hosp. 23:159, 1912, .Stone, 
H. B., and Firor, W. M. ; Absorption in Intestinal Obstruction: Intrniutcstinal 
Pressure as a Factor, Tr. South. Surg. & Gynec. A. 37:173, 1924. 

5. Clairmont, P., and Ranzi, E. : Zur Fragc dcr Autointoxication bci Ileus, 


Arch. f. klin. Chir. 73:696, 1904. 

6. Roger, H., and Gamier, M. : Conipt. rend. Soc. dc biol. 59:388, niui 

^^^’/.^Magnus-EIslebcn, Ernst: Ueber die Giftigkcit dcs norrnalen Darnnnh.alls, 

Beitr. z. chem. Physiol, ti. Path. 6:503, 1906. 

8. Wangensteen, O. H.. and Chunn, S. S. ; Studies in Inte.'tinal mriidion. 
Arch. Surg. 16:606 fFeb.) 1928. Wangensteen. O. IT., and I-oucks, .^r. : .SttKfie- m 
Intestinal Obstruction. .Arch. Surg, 16:1088 1928. 
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than normal during the first few hours, but that, after reaching a peak 
at about the mid-point of the survival period, it rapidly fell below 
normal. 

In 1908, Braun and Boruttau ® injected from 1.2 to 3 mg. of strych- 
nine into the intestinal lumens of normal animals and those with 
obstructed intestines. In the normal animals, cramps began within five 
and one-half minutes and death occurred after seventeen and one-half 
minutes. In animals with obstructed intestines, the cramps began within 
ten to fifteen minutes, and death occurred within seventeen and one- 
half to thirty-five minutes. The}' concluded that absorption was some- 
what lessened in the obstructed intestine. 

In a study of the absorption of 5 per cent solutions of sodium chlo- 
ride and dextrose in 1911, Enderlen and Hotz were of the opinion 
that absorption was much decreased in closed loops. 

Davis used phenolsulphonphthalein in 1914, directing the dye 
mto the loops of the intestine and recovering it in the urine at inter- 
'^1®. He concluded that absorption was unusually low in closed loops. 

These experiments are rather fundamental, but they are not con- 
clusive, as absorption below the obstruction was not considered, and 
no experiments were done with substances not normally absorbed from 
the intestinal tract. 


Since considerable evidence has been presented to disprove the 
presence of a specific toxin in the obstructed intestine, if absorption 
above the obstruction can be shown to be decreased, or at least not 
increased, there is some evidence that the cause of death is the failure 
of a neutralization process or buffer reaction to take place as it would 
normally when the different levels of intestinal contents mingle. 

Tile work of White and Fender,"- in 1930, indicated conclusively 
hiat no toxin was produced in the intestine above the obstruction, and 
restoring material which was lost in the vomitus through an 
1 costomy below the point of obstruction, they were able to keep ani- 
mals alive for twenty-eight days. 

^leyers and Rosenblatt,"^ in 1929, gave human bile to dogs with 
ribstructed intestines through an enterostomy below the obstruction, but 


9. Braun, W., and Boruttau. H. ; Experimental-kritisclie Untersuchungen uber 
'C'l Ilcustod, Deutsche Ztschr. f. Chir. 96:544, 190S. 

Eiidcrlcn and Hotz: Ueber die Resorption bei Ileus und Peritonitis, Mitt. 
0- Grenzgeb. d. Med. u. Chir. 23:755, 1911. 

il. D.ivis. D. M.; Intestinal Obstruction: Formation and .■\i)Sorption of 
‘"•'j'n. Bull. Johns Hopkins Hosp. 25:33, 1914. 

H- ) I- ""id Fender. F. A.: The Cause of Death in Uncomplicated 

w > Intestinal Obstruction. .-Vreh. Surp. 20:897 (June) 1930. 

^ ^ 13. Meyers. M. p.. ^nd Rosenblatt, if. S. : Bile in Intestinal OliUructinn. 
Gynec. & Obst. 49:473. 1929. 
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none of their animals lived long enough to prove that bile was of any 
particular value. In 1932, Benedict, Stewart and Cutner attempted 
to evaluate the role of bile in high intestinal obstruction. They either 
injected dog's bile or, by ligating the common bile duct and performing 
a cholecystenterostomy below the obstruction, permitted the dog to sup- 
ply its own bile. Some of their animals lived as long as fifty-six days, 
and they concluded that benefit was derived from the administration of 
bile below the obstruction, particularly in high obstructions. The con- 
flicting results of these two groups of authors leave one somewhat in 
doubt as to the importance of bile in intestinal obstruction. However, 
it would seem that bile alone would not play as important a role as the 
combination of biliary, pancreatic and duodenal secretions. Jenkins,^® 
in 1929, attempted to ascertain the role of these combined secretions by 
a complicated operative procedure which permitted the secretions to 
enter the bowel below the point of obstruction. His animals lived from 
twelve to thirty-tlmee days. 

These experiments suggest that the intermixture of upper and lower 
intestinal contents is necessar)’’, at least in part, for a normal physio- 
chemical balance. However, they neither support nor deny the factor 
of an interference with the rate of absorption above or below an 
obstruction. 

In view of the fact that certain authors, after reliable experiments, 
still cling to the theory of increased absorption eitlier of a specific toxin 
or of normal intestinal contents above the point of obstruction, the 
following experiments were carried out in the hope that definite conclu- 
sions could be drawn as to the rate and selectivity of absorption above 
and below an obstruction. 

ORIGINAL EXPERIMENTS 

Group 1. — In this group, trypan blue and red, both t.vpical colloids not normally 
absorbed, were injected into the intestinal lumens of normal rats and info the 
intestines of rats with obstructions of the duodenum and of the ileum. 

In the shorter series of this group, the dye was instilled either by inserting a 
catheter into the stomach and intestine or by injecting the solution directly info 
the area above the obstruction with a fine needle. Soon after this was done, 
the bladders were opened and the urine was e.vamined for the presence of the dye. 

In no instance was the dye recovered from the bladder. 

In the longer series, both normal rats and rats with obstructed intestines were 
given trypan blue for several days, by means of inserting a catheter into the 
stomach. Frequent observations were made for the discoloration of the skin, and 
at the end of from twenty-four to fortj'-eight hours the bladders were opened and 
the urine was e.xamined. There was no evidence of the dye, an indication that 

14. Benedict. E. B. : Stewart, C. P., and Cutner, P. M. : The Role of Bile in 
High Intestinal Obstruction. Surg., Gynec. & Obsf. 54:605 f.April) 19.32. 

15. Icnkins, H. P. : Experimental Ileus, .Arch. Surg. 19:1072 fDec.) 1029. 
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new avenues for the absorption of these colloids had not been opened in the 
obstructed intestine. 

In a third series, trypan blue and red were injected below the level of obstruc- 
tion in both the duodenum and the ileum. There was no evidence of absorption 
below the obstruction. 

Group 2 . — !Methylene blue (methylthionine chloride), a typical crystalloid dj^e 
known to have been recovered from the urine after its absorption from the intes- 
tines, was used in this group. The first few experiments we carried out on rats 
to reassure ourselves of the dye’s absorption, and then the experiment v\as came 


out on dogs. 

klethylene blue was instilled into the duodenums of four dogs of a control 
group. In the male dogs, the bladders were opened; in the females, a catheter 
was inserted into the urethra. Urine was collected every five minutes an 
examined for blue discoloration. The time of its appearance varied between thirty 
and sixty minutes. The same concentration and amount of dje were use m a 
animals, but a slight difference in the size of the animals and small variations m 

time must be taken into consideration. , , 

The intestines of two dogs of about equal size were then o structe a 
duodenum, and those of two others were obstructed near the terminal ilemm 
the second or third postoperative day, the abdomens were opened an m , 
blue was injected into the lumens above the obstruction. The bladders were p 
and observation was made as to the time of the appearance o isco ora 
the urine. The time varied betrveen forty-five to sixty-five minutes. 

The intestines of tw'O dogs w'ere then obstructed at the duo 
or three days methylene blue was injected below the obstruction. e > 
in the urine in from fifty to seventy minutes. 


COMMENT 

An analysis of the protocols of the second group of e.xperinie 
sl'owed that there was only a slight variation in time, which couia 
accounted for by the difference in the size of the anima s an p 
ticularly by the variations in the amount of retained secretions a to 
die obstruction. Naturally these animals could not be prevented ro 
loniiting, and there could be no control of the biliary, pancrea 
duodenal secretions. An animal with a smaller amount o mtes « 
contents above the obstruction would have a greater concenUation 
die dye, and absorption would probably be more rapid than m an am 
iiial with greater retention. In no case was the absorption more r. j 
"'’love the obstruction than it was in the normal dog. ^^Tlcn the eye 

"■as injected into the lumen below the level of the duodenal or ileal 

"'>'trnctions. the time of its appearance in the urine varied between 
dfly and seventy minutes, showing that there was no increase aiu on ) 
a -‘■light decrease in absorption below the level of ob^tructIon. 

c were unable to demonstrate any increase in the rate or . ckcliv 
absorption above or below the level of ohstruclion It one 

•''^'cepts the work of Wangensteen and his predecessors, wlio hclR t 
di-it normal intestinal contents arc as toxic ns tbo. <- a > \ 
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below an obstruction, it may be assumed that there is no specific toxin 
which develops after the onset of obstruction. Our experiments sug- 
gest that there is no increase in the rate or selectivity of absorption 
above the obstruction, and this seems strong evidence that increased 
absorption above the obstruction cannot be the cause of death. Our 
experiments also tend to rule out the probabilit}' of increased absorption 
below the obstruction. 

With these negative facts in mind, we believe that it is within the 
realm of probability that death following intestinal obstruction is due 
to a failure of neutralization or buffer reaction to take place between 
upper and lower intestinal contents in the lower part of the intestine. 
This need not be interpreted in terms of the development of a definite 
toxin, but rather of a physiochemical reaction that usually takes place 
when the contents of the upper and lower parts of the intestines are pei-- 
mitted to intermix. With this phenomenon there occurs absorption or 
failure of absorption of a substance, x, which causes a disturbance not in 
accord with normal cellular function and incompatible with life. Clinic- 
ally, our best evidence of this is the fact that an obstruction of the distal 
colon is compatible with life for some time. This may be explained by 
the fact that the intermixture of upper and lower intestinal contents 
has already occurred above the obstruction and absorption has taken 
place. If the obstruction occurs above the distal colon, in the more 
active secreting levels and the absorption area, deatli occurs earlier 
than ill the case of a lower obstruction. Thus, in a subject with an 
ileostomy, partial admixture and absorption have already taken place; 
but with complete duodenostomy or jejunostomy, this admixture and 
absorption have not taken place and death occurs much earlier in the lat- 
ter than in the former condition. 



primary malignant disease of the duodenum 


SHERMAN A. EGER, M.D. 

CLEVELAND 

Since the first case reported b}' Hamberger ^ in 1746, the rarity of 
pnmarj' duodenal malignancy has been so stressed that rarelj' do text- 
books mention it, clinicians consider it or surgeons encounter it with a 
thorough knowledge of the best methods to adopt when this condition 
unexpectedly presents itself at laparotomy. Therefore, the purposes of 
this paper are to present a rather thorough summar}- of the literature 
on the subject, to emphasize the consideration of a primar}' malignant 
disease of the duodenum in the differential diagnosis of lesions of the 
upper part of the abdomen, to outline the various methods of treating 
patients with this disease and to add 2 cases to the few that have been 

■■eported. 


INCIDENCE 

In order that the rarity of primar}’ carcinoma of the duodenum be 
better appreciated, it might be well to consider first the incidence of 
uitestinal and small intestinal carcinoma as shown in table 1, and then 
to determine the frequency of small intestinal carcinoma among cases 
^ general intestinal carcinoma by referring to table 2. 

Table 3 shows the incidence of primary carcinoma of the duodenum 
350,286 autopsies to be 0.033 per cent. This is the figure most gen- 
accepted in the literature. Difficult}' arises in obtaining accurate 
^tatistics because of repetition of the same cases by different authors. 
^a\e attempted to avoid this by searching the various original sources 
far as possible. It is interesting to note that in a series of 1/ ,652 
utopsies at Guy’s Hospital, as reported by Perry and Shaw,- there 
6 cases of primary sarcoma of the duodenum, making its incidence 
same as that of carcinoma, namely. 0.033 per cent, which is higher 
g^^iierally supposed. 

4 able 4 illustrates the frequency with which primary carcinoma of 
'duodenum occurs in comparison witii that of the jejunum anci 
'^ouibincd. and that the duodenum is affected in approximately 
~ of the cases of primarv carcinoma of the small intej-tine. 

ti,c Cleveland Clinic. 

4 R-'i'nlJcreer. G. E. : De niptura intestini duixlcni. jenn. lit. Ritteri.ini<. 
p, . “ 5 .^ '■R'- R C, and Shaw L. C. : On Diseases of the Dnodenntn. Gny^ Ho-p. 



Table \.~Frequen.cy of Intestinal and Small Intestinal Carcinoma Among 

General Autopsies 


Author 

Brill;= Aaron, Pathological Institute, 
Vienna 

Meyer and Rosenberg,'’ Cook County and 
Michael Reese Hospitals, Chicago 

Totai 


Intestinal Small Intestinal 

Carcinoma Carcinoma 

- - - A ^ 


Autopsies 

Number 

^ > 

Per Cent Number 

Per Cent 

41,83S 

343 

O.S 

17 

0,040 

10,876 

SCO 

5.1 

10 

0,091 

52,714 

912 

1.7 27 

0,051 


Table 2. — Frequency of Small Intestinal Carcinoma Among General Intestinal 

Carcinoma 


Author 

Jefferson 

Brill a 

Meyer and Rosenberg ” 

Aaron f 

Total 


Small Intestinal Carcinoma 
* 


Intestinal 

Carcinoma 

Number 

—A 

Per Cent 

4,177 

130 

3.1 

3,503 

89 

2.5 

609 

10 

1.7 

343 

17 

4.0 

6,052 

240 

2.7 


Table 3. — Frequency of Primary Duodenal Carcinoma in General Autopsies 


Author 

Deaver and Bavdin;" McGuire and Cornish “ 


Autopsies 

161,201 

109,201 

Duodenal Carclnoina 

t — ^ 

Number Per Cent 

50 0.03.3 

43 0.0.39 

Brill;" Aaron;^ pathological Institute, AGenna 


41,S.3S 

7 

O.OlC 

Penwiek and Fenwick CCancer and Other Tumours of 
Stomach, London, J. & A. Clmrehill, 1902; quoted 
Vickers: Ann. Surg. 79: 230, 1924); London Hospital., 

the 

by 

jn,.51S 

IS 

0.090 

Perry and Shaw;:’ Guy’s Hospital, London 

.... 

17,0.52 

4 

0.023 

Mei’or and Rosenberg;'’ Cook County and Michael Ree.sc Hos- 
r»ifnTc flhIrno'O * 

10.S7C 

4 

o.mr 

Total 


3.50,260 


0.03.3 


Table 4.— Frequency of Primary Duodenal Carcinoma Compared with Primary 

Jejuno-Ilcal Carcinoma 


Small nuo<IennI .TeJnnoJlral 

nfpRffnfli , ^ /- ’■ 


Author 



Carcinoma Number 

, 

I’er Cent 

NiiinhiT 

Per Cent 


13-2 0.3 

47.7 

r/i 

.'.■2.2 


ir* 


LM 

01.5 


30 15 

.50.0 

ir. 

:nn 


17 7 

4M 

10 


Meyer and Kosenl.org'’ 

to 4 

40.0 

0 

ffi.O 

Total 

"■’5 101 

47.0 

121 

.71 
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This shows that the duodenum is the site of a malignant process 
almost as frequently as the other two divisions of the small intestine 
combined. According to some reports the ileum is involved almost as 
frequently as is the duodenum. Opinions regarding primar}' carcinoma 
of the jejunum vary, from that it is practically nonexistent (Brill,''' 
1904) to that it is of equal frequenc)’’ with carcinoma of the duodenum 
(Mayo Clinic, 1925). 

Table 5 shows that of the anatomic divisions of the duodenum, the 
second portion undergoes malignant degeneration far more frequently 
than the other parts. According to Deaver and Ravdin,“ Brill ’ and 
others, this probably is due to the presence of the ampulla of ^ ater 
and the occasional separate openings of the pancreatic ducts. How- 


Table 5. — Disfributioii of Primary Diiodcttal Carcinoma 


First 

Xum- Portion 
ber > 

of Xum- Per 
Author Cases ber Cent 

caver and Ravdins 13$ 35 22.1 

Fenwick (Cancer and 
finn Fumours of the Stomach, Lon- 

1902 ) 51 11 21.3 

40 10 25.0 

15 6 40.0 

F try and Shaw = 13 5 3S.4 

12 5 41.6 

•‘e>cr and Rosenberg a 4 0 0.0 

___ 005 73 23.9 


Second Third Entire 

Portion Portion Duodenum 



Per 

Num- 

Per 

Xum- 

Per 

her 

Cent 

ber 

Cent 

ber 

Cent 

104 

65. S 

19 

12.0 

0 

0.0 

29 

5C.S 

7 

13.7 

4 

7.S 

27 

67.5 

3 

7.5 

0 

0.0 

C 

40.0 

3 

20.0 

0 

0.0 

6 

46.1 

1 

7.6 

1 

7.6 

5 

41.0 

2 

16.0 

0 

0.0 

9 

75.0 

1 

S.3 

1 

S.3 

3 

75.0 

1 

2.1.0 

0 

0.0 

1S9 

61.9 

37 

12.1 

0 

1.9 


the presence of these structures must be differentiated from the 
1 reseiice of a malignant process in these structures, because the latter 
niust be classified as tumors of the pancreatic and biliary systems and 
'lot as true primar}- tumors of the duodenum. Laxity and difficult} in 
"lakiiig this distinction undoubtedly have accounted in part for the high 
Pei-centage of primary carcinomas reported in this portion of the 
“uodeuum. The first portion of the duodenum ranks second in order 
f'‘oqueucy, owing, perhaps, to the frequent presence of ulcer m this 
I't^iou. Whether or not carcinoma may arise from a duodenal ulcer 
‘bour se, a much debated question, and will be discussed under 

^-•5 ^19^'"’ of the Duodenum. Am. J. H. Sc. 128: 
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etiology. The third portion is the part least frequently involved ; only 
12 per cent of the total number of duodena] cancers have been in this 
segment. 

The sixtli decade of life not only is the average age at which car- 
cinoma of the duodenum appears, as shown by table 6, but represents 
the period of life in which the majority of cases occur, as shown by 
the reports of Dewis and Morse® and of Eusterman of the Mayo 
Clinic.^ Aaron, ^ in 1899, after reviewing the literature, stated that a 
malignant disease of the duodenum occurs most often after the age of 
40, and Dewis and Morse,® in 1928, concluded that only a small num- 
ber of persons under 40 j^ears of age were afflicted with this disease. 
Whittier,® in 1889, reported 1 case in a patient aged 17 and 2 cases 
which occurred in patients 18 years of age. Perry and Shaw ~ collected 
9 cases of primary sarcoma of the duodenum and reported the age 
extremes as 15 and 63 3fears, with an average age of 31 years. 

Table 6. — Affc and i'c.r Incidence of Primary Duodenal Carcinoma 


Males 


Females 



Number 



— 

-A —-n 

^ ^ 



of 

Age 

Average 

Num- 

Per 

Niiin- 

Per 

Author 

Cases 

Extremes 

Ago 

her 

Cent 

her 

Cent 

Britt “ 

G4 

17-84 

.52 

SI 

TO 

13 

20 

Fenwick 

51 


.53 

37 

“2 

14 

27 

Mayo Clinic ■* 

15 

39-70 

.50 

12 

SO 

3 

20 

Meyer and Rosonhorg " 

4 

30-00 

49 

4 

100 

0 

0 

Total 

... 134 

17.84 

52 

104 

77 

SO 

22 


The fact that primary carcinoma of the duodenum occurs more fre- 
quently in men than in women has never been disputed. In table 6 
the proportion is shown to be about 3:1. This ratio varies tremen- 
dously, chiefly in reports presenting small groups of cases, as for 
instance, the 4 cases presented hy Meyer and Rosenijcrg.” in which all 
of the patients were men. 

ETIOLOGY 

Up to the present time no more is known concernii7g the true cau.se 
of malignant disease of the duodenum than of malignant processes in any 
other part of the body. However, several theories have been mentioned 
in the literature and therefore arc presented here. 

6. Dewis, J. tv., and Morse, G. tV, : Primary Adcnocarcinonm of the Duo- 
cleniim: Report of Twelve Proved Ca.ses; Summary of the Literature, ^>ew 
England J. :Med. 198:383, 1928. 

7. Aaron, C. D. : Carcinoma of the Duodenum, PJiiladelpIiia -tf, J. 3:280, 1890. 

8. Whittier, E. A'.; Primary ifalignant Disease of fije Duodenum, Tr. A. ,'\m. 
PJiysician.s 4:292, 1889. 

9. ifeycr, J., and Rosenberg, D. H. ; Primarj' Carcinoma of the Dnodt nnmj 
Report of Pour Cafes, with a Review of the Literature, Arcii. Ini. Med. 47:917 
(June) 1931. 
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In 1914, Alayo stated that ‘hvhen malignant disease of the small 
intestine is found it is usually due to a pre-existing lesion such as a 
degenerating polyp, adenoma or papilloma.” Aberrant glands of the 
stomach have been mentioned as a causative factor by McGuire and 
Cornish.il Schofield i= and Orth’" believed that cancer arises from 
Brunner’s glands, and jefferson i ' admitted that this was possible. 
Others have mentioned pancreatic rests as a possible site of origin, and 
Jefferson.ii in 1916, referred to only 1 case in which he regarded this 
derivation as authentic. Recently Bookman i" reported another such 
case. On the other hand, Bland-Sutton thought that it was “fiction 
to consider the possibilitv of carcinoma arising from Brunner s g^an s 
or pancreatic rests. The association of duodenal carcinoma ith t re 
presence of gallstones has been mentioned by Fenwick ^ and others, 
but this is generallv thought to be purely coincidental. Perhaps 
most debated etiologic theory is that simple duodenal ulcer may give 
^ise to a malignant condition of the duodenum. The opinions o 
ous authors are as follows: After carefully reviewing 30 such cases, 
including 5 of Nattan-Larrier and 5 of Perr}^ and ^Baw,- Jetter- 
son» concluded that “a certain number of the cases were very 
examples of duodenal carcinoma arising from duodenal ulcer, an a a 
causal relationship between simple ulcer and carcinoma was r cu 
establish in the case of the duodenum.” According to Lie t} , 
incidence of carcinoma arising on duodenal ulcer is 1 • 80, ^ le 
cl gastric carcinoma developing from gastric ulcer is 1 . ’ q , , lo 

Ravdin ® claimed that the frequenc}'^ was uncertain. B an u 
i^eported a case of chronic duodenal ulcer which gaAC rise to 
comatous growth. Lewis and Morse ' claimed that duodena carcinoma 
probably arises independently and that little evidence has been found 

10. Mayo, W. J.: The Prophylaxis of Cancer, Ann. Surg. 59^05 1914. 

„ '1- ^IcGuire, E. R., and Cornish. P. G. : Carcinoma of the Duodenum. Ann. 

Surg. 72:600, 1920. . ^ ^ ^.04 1930 . 

!:• Schofield, J. E. : Carcinoma of the Duodenum, Brit. J. Sur„. • . ^ 

14 Orth, J. : Lehrbuch der speciellen pathologischen Anatomie, 
tt’rschwald, 1887, vol. 1, p. 850. , ^ Asso- 

• ■ Rfferson, G. : Carcinoma of the Suprapapillarj" Duo enum ,. £ 39 

^'ulcd with Preexisting Simple Ulcer: Report of a Case, and an Appendix of 

° ncted Cases, Brit. J. Surg. 4:209, 1916. . . Aberrant 

bv Bookman, M. R. : Carcinoma of the Duodenum Originating from 

Cells, Ann. Surg. 95:464, 1932. .p 

^ 1C J . Cancer of the Duodenum and Small Intestm , 

'^'-London 38:1, 1914 


W. S.:' Primary Carcinoma of the Duodenum, Edinburg i - - 


10 ^'.“'‘•'’"'barrier: Les cancers du duodenum. Gaz. d. boP- 1 

^bty, J. A.: Peptic Ulcer and Carcinoma in tbe Duodenun , - 


I 1 . rcpii 

Med. 18:433, 1918. 
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that it ever has arisen in preexisting benign duodenal ulcers. Similarly, 
Schofield,^- in 1930, advocated that duodenal ulcer has never been 
proved to be a predisposing cause of duodenal carcinoma. Finally, in 
1931, Hinton stated that “clinicall)'’ one can disregard the possibility 
of duodenal ulcer ever taking on malignant degeneration.” 

PATHOLOGY 

Like malignancy elsewhere in the body, the pathologic classification 
of primary malignant tumors of the duodenum differs widely. After 
all, deciding whether or not the condition is malignant is of primary 
importance, while the type of malignanc)^ is onl}’’ of secondary impor- 
tance and merely a matter of opinion. The various points of origin 
have been previousl}’ considered under etiology^. 

In regard to duodenal carcinomas, by far the most frequent type 
found is the cylindric cell adenocarcinoma arising from the intestinal 
mucosa. This type has the greatest tendency to encircle the intestine 
in the form of a band or a ring, particularly’’ in the supra-ainpuHary 
portion, either by’ practically limiting itself to the mucosa in the form 
of a papillomatous growth (Brill ») or by infiltrating the tissues beneath 
the mucosa (Aaron'). In either case the tendency is to obstruct the 
lumen of the duodenum. Dewis and Morse ® divided the cydindric cell 
carcinomas into the hard, fibrous, scirrhous form, having few cells and 
abundant stroma, the softer medullary form, having many’ cells and little 
stroma, and the colloid form, having mucoid degeneration of the cells. 
The cells may change from a cydindric to a squamous form, which 
process has been mentioned by Aaron ' and Whittier,® or to a spheroidal 
form, which, according to Brill * and Head,-^ usually grows as a soft, 
flat excrescence with elongated, overhanging edges and has a tendency 
to ulcerate. Furthermore, the cells may resemble pancreatic cells, or, as 
mentioned by’ Deaver and Ravdin,® the carcinoma may’ be alveolar in 
type. 

Comparatively’ few cases of primary sarcoma of the duodenum 
ha^e been reported, and in these, the round cell ty’pe predominated. 
contrast to carcinoma, Rolleston showed that even though sarcomas 
tend to involve the duodenal tract more extensively than carcinomas, 
obstruction of the duodenal lumen is less likely to occur, because the 
infiltrated duodenal wall is usually’ softened by the sarcomatous growt i. 
and therefore tends to dilate. 

S43~*i93t"^°”’ ^ Cancer Ever Arise from Ulcers.? Am. J. Sc- 

21 Heart G. D.: Priniar>- Carcinoma of the Third Portion of the Duorlcnum. 
Am. J. M. 157:182, 1919. 

. Stricture of the Duodenum. 
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Any of the various types of malignancy mentioned are subject to 
retrogressive or necrotic changes, such as softening and ulceration, and 
while this is a common finding in malignant conditions of all parts of 
the duodenum, it is espcciallv likely to occur in those about the papilla 
of Vater (Brill ^). In addition. Denver and Ravdin ^ and Meyer and 
Rosenberg® are of the opinion that most of the carcinomas of the lower 
or infra-ampullary portion of the duodenum take the form of broad, 
flat, ulcerating masses with stenosis. 

The most common feature of a malignant tumor of the duodenum 
's its constant tendencv to obstruct the duodenal lumen, and as the 
obstruction increases, various pathologic changes are produced in the 
adjacent structures, particularlv in the stomach and in the portion of 
the duodenum above the obstruction. In these parts compensator} 
thickening and hypertrophy of the muscular coat first occur, and as 
the obstruction increases, there is dilatation of the walls, with incom- 
petency of the pjdoric vah'e and chronic catarrhal inflammation of the 
mucous membranes, perhaps with superficial ulceration (BrilP). On 
the other hand, a malignant process arising at or close to the papilla of 
^ ^ter usuall}' has a tendenc}’ to obstruct the biliary and pancreatic 
flucts long before it has had time to attain sufficient size (Rolleston ) 
to obstruct the duodenal lumen, and, therefore, if exploration is made 
2t this time, usuall}' a small, circumscribed tumor with little or no 
c anges in the stomach or proximal duodenal walls is found. M ith 
obstruction of the ampulla, dilatation of the biliary and pancreatic ducts 
^osults, with the formation of pancreatic retention cysts and possibh 
Suppurative infection of the biliar}'- and pancreatic systems, with abscess 
orniation and fat necrosis (Deaver and Ravdin ® and Brill ). El} 
’■eported a case in which the dilated gall ducts ruptured, resulting m a 
Pennephritic biliary cyst. The duodenal growth may press on the 
portal ^ein sufficiently to cause ascites (Fenwick Perforation into 
e general peritoneal cavity is rare, but occasionally a slight leakage 
®uses a local abscess to form, which, in the supra-ampullar} portion, 
according to Fenwick,"^ burrows upward to the diaphragm or points 
uear the umbilicus. In 1925, Morrison and Feldman -* reported a case 
° primary scirrhous carcinoma arising in a diverticulum of the first 
portion of the duodenum, and in 1926 they-" published the complete 



J- S.; Carcinoma of the Duodenum Compressing the Common E 
Obstructive Jaundice; Rupture of Dilated Gall-Ducts with Resultant Peri- 
P iritic Biliary Cyst, Proc. New York Path. Soc.. 1894. p. 103. 

T- H., and Feldman, SI.: Case of Carcinoma oi the Duodcn 
4-4n’ ? Consideration of Duodenal Diverticulosis. Ann. Chn. . U ■ 

3"^ Feldman. Autopsy Report of 

■"ircinonia in the Duodenal Diverticulum. .'\nn. Clin. Med- a..’- >. 
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Metastases, even to the contiguous lymph nodes, are not common, 
and as a rule occur late in the disease (Brill "). In 125 cases collected 
by Outerbridge,-“ metastasis was present in only 27, or 20 per cent. 
Similarly, Dewis and Morse “ reported 12 cases, metastasis being pres- 
ent in only 3, or 25 per cent. The most common sites of metastasis 
are the pancreas, liver and the contiguous lymph nodes (Herman and 
von Glahn^"), but involvement of the lungs, supraclavicular glands, 
bones, gallbladder and peritoneum has been noted in some instances. 
The metastatic growths seldom attain any great size, probably because 
of the rapid course of the disease. According to Fenwick,^' the growth 
may establish communication with the gallbladder or the contiguous 
bowel, or may even produce an external fistula. In 1893, Pye-Smith 
reported a case in which there were two separate duodenal carcinom- 
atous masses, one encircling the intestine just below the pyloric 
sphincter, the other, a larger rounded mass, being 3 inches (7.6 cm.) 
lower in the duodenum, and he concluded that the upper, primary tumor 
gave rise to the lower mass by direct contact. 

SYMPTOMS 

The symptoms of primary malignant disease pf the duodenum 
usually are discussed according to the three divisions of the duodenum, 
but after reviewing the literature one is impressed by the large group of 
S3unptoms common to all. portions of the duodenum affected, and by 
the comparatively small number of symptoms that tend to differentiate 
obstruction in one portion of the duodenum from that in anotlicr por- 
tion. Since the chief symptoms of malignant disease of the duodenum 
depend on obstruction of the duodenal lumen, the}' vary more with the 
rapidity of development and the consistency of the growth than with 
the location of the growth, except when it arises from or close to the 
papilla of Vater and causes the symptoms of biliary obstruction which 
may or may not be accompanied by evidence of intestinal obstruction. 
With this exception and the presence of bile and jiancreatic juice in 
the vomitus, when the obstruction is distal to the ampulla of Vater, 
all three portions of the duodenum, when obstructed, jwoducc the same 
symptoms, and therefore their differentiation will be considered in the 
discussion of diagnosis. 

In contrast to obstruction of the large intestine, causing .svmploins 
referable to the intestinc.s, duodenal obstruction causes symptoms rtfer- 

26. Oiiterlin'ctgc, G. : Carcinnim ni flic P.ijiiif.T oi \'ater, .Ann. .Siirv. 57: 

402, 1912. 

27. Hornmn, If, .nnrl \'on Glalin, W. C. : Orcnionia of tlic .Stipra.-Ainpiillary 
Portion of the Diirxlemnii, .Am. J. M. Sc. 161:111, 1921. 

2S. Pye-Smitl). P. H. ; Cancer of the Duoilenuni, Tr. Path. ].,,vAn;) 43: 

66. lS9.t. 
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able to the stomach (Aaron"). In the beginning these symptoms are 
loss of appetite, gas formation with a feeling of fulness in the upper 
part of the abdomen, belching and occasional nausea after meals. As 
the obstruction increases, all of these symptoms are more pronounced, 
and then vomiting begins, accompanied by constipation, loss of weight 
and strength, dehydration and various degrees of pain in the upper 
part of the abdomen. As the degree of obstruction varies from time to 
time because of ulceration and sloughing of the growth, so do the 
S3-mptoms vary, thereby occasionally giving rise to periods of relief and 
improvement. 

^'omiting is , a common s)miptom, but may be entirely absent, may 
cease after a time, or ma}- make its first appearance late in the course 
of the disease, depending on the type of obstruction. It may occur 
shortl}- after each meal, only once a da}', or may be recurrent. The 
vomitus ma}' be small or large in amount, and may be red-streaked, 
diffusely red, brown, black, }'ellow or green. Rarely does extensive 
hemorrhage occur, but coffee ground vomitus is not uncommon. 

Pain is a variable symptom. It may be entirely absent or may be 
the most outstanding complaint. It may be sudden or gradual in onset, 
mild or severe in intensity and dull, sharp, burning or cramplike. It 
usually appears two or three hours after meals ( Meyer and Rosenberg.® 
Eusterman, et al ^). It usually is referred either to the epigastrium or to 
the right hypochondrium. but occasionally e.xtends over the whole upper 
part of the abdomen (Brill®). It may have no relation to meals or 
may not be relieved by vomiting. 

Constipation is usually present, especially after the onset of vomit- 
ing, but may be entirely absent or alternate with diarrhea. The stools 
may be normal, clay-colored or tarry. 

The onset of jaundice depends on the location of the growth. If the 
tumor arises at or very near the papilla of \*ater, jaundice appears 
early ; in fact, it may be the first symptom of the disease. In such 
instances, it is usually progressive, continuous and often painless, but 
may entirely disappear or be intermittent, as a result of ulceration and 
sloughing of the obstructing portions of the growth, of increased 
intrabiliary pressure forcing the bile through the obstructed papillarv 
opening (Brill •’’) or of subsidence of papillary edema (Meyer and Rosen- 
berg®). Otherwise, it is a late symptom due to secondare nodules in 
the liver, or to compression of the bile duct, cither by enlarged adjacent 
Ivmiih nodes or by extensive growth of a more remote tumor. Occa- 
sionnllv the .svmploms of secondary biliary anri pancreatic infcctioii ari.^^e 
and com]ilicate the ]MCture. 

I'ever usually is not present unless there is marked ulceration or 
s('C('ndarv biliary infection. It may a])]>ear as an acconijrininunt of 
terminal toxemia. 
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PHYSICAL EXAMINATION 

As in any other disease, the general appearance of patients witli 
primary malignant disease of the duodenum varies according to the 
length of time the disease has been in progress. Thus, early in the 
disease they may look robust and healthy, the only complaint being a 
vague discomfort in the upper part of the abdomen, or jaundice may be 
the first and outstanding feature. On the other hand, when seen later in 
the course of the disease, as is usually the case, the patients have a 
cachectic appearance with a pale dry skin, especially after the onset of 
vomiting. 


During a complete examination the attention of the examining pbj'si- 
cian is directed chiefly to the abdomen. In contrast to that of the lower 
intestines, in obstruction of the duodenum, the abdomen nearly alwaj's 
is flat, retracted or sunken, owing to lack of fecal and gas retention 
(Aaron' and BrilP). However, an existing ascites may cause it to 
protrude. If there is gastric distention, there is an accoinpan 3 'ing ful- 
ness in the epigastrium and left hypochondrium, perhaps with a fairly 
wide area of transmitted aortic pulsation, and gastric peristaltic waves 
are present. The latter were visible in 5 of 15 cases rcjiortcd by 
Eusterman and his collaborators at the Mayo Clinic.'* Rarely the 
tumor mass may be seen either fixed or moving with rcs]:)iration. 

Usually the abdominal wall is soft, but occasional!}' there arc epi- 
gastric rigidity and tenderness when the pain is severe. The tumor is 
palpable in from one third (Mayo Clinic*) to one half (Brill •■*) of the 
cases, and is usually small, firm and irregular. The location of tlie 
tumor is fairly similar for all portions of the duodenum, being either 
in the right half of the epigastrium, in the right hypochondrium or 
near the umbilicus. Growths of the supra-ampuliary region of tlie 
duodenum are usuall}’ ejuite mobile, while those of the ani[)nllar 3 ’ and 
infra-ampullar}’ portions are immobile owing to fixation of these jior- 
tions to the posterior abdominal wall bv the peritoneum. Furthermore, 
careful palpation may reveal gas gurgling through the tumor, especially 
in the supra-ampullar}' ts’pe. An enlarged liver aiul g.'dlblafkler niav 
be found, particularh- if jaundice is present. The liver is usually 
smooth and firm, but if metastasis has occurrerl, nodules may be felt. 
Likewise, peritoneal implantations or greatly enlarged lymph nodes 
may be palpated. -Metastasis to the supraclavicular glamls, especially 
on the left, has been mentioned bv Herman and von Glahn '■ and by 
Mever and Rosenberg.*' 


By percussion, if the abdomen is jirotriKling. the shifting duhe -^ of 
ascites can lie differentiated from the tymiianitic ga-eons fli-tendon oi 
obstruction of the lower part of the intestines, (')cc.'wionaliy a riibited 
stomach, am! even diioflennm. can be outlined. 
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By auscultation one mav detect gurgling of gas througli the tumor, 
a friction rub of local peritonitis, atid more commonly a gastroduodenal 
succussion splash, which was found to he present in 4 of the 15 cases 
seen at the ^layo Clinic.^ 


SPKCI.NL STUDIES 

hi the early stages of primary malignant disease of the duodenum 
studies on the blood throw little light on the disease, but later, after the 
onset of frequent vomiting or other complications, they are of some 
^alue, at least in determining the severity of the disease. The usual 
finding is a moderate secondary anemia, and if infection is present, 
there is an accompanving leukocytosis with an increase in pohmor- 
phonuclear neutrophils. The van den Bergh test and icterus index 
should be determined not onlv when jaundice is present, but also in all 
oases in which biliary obstruction is suspected. The extreme value of 
these procedures in combination with the coagulation time is apparent. 

Even though the pancreatic duct is completely obstructed,^ 

Sbceniia may never be present or may occur only after considera e 
t’me has elapsed. This agrees with the experiments of Kirkbride,'® u ho, 
according to Jefferson,^'* “examined microscopically a portion of the 
pancreas which had been isolated and had had its ducts ligated ft teen 
^onths previously : there was no trace of acinar cells, but the islets o 
^'igerhans persisted and appeared to be actively functioning. ^ 
presence and degree of toxemia from duodenal obstruction, which are 
pi er important factors, may be determined by the presence o an 
'ncrease in the carbon dioxide-combining power and in the leve o urea 
'ith a decrease in the amount of chloride in the blood. 

The urine is of high specific gravity if the patient is dehydrated, 
usually indicanuria is present. Glycosuria may be present if there 
pancreatic damage, and bile is found if there is biliary obstruction. 
The stool findings vary according to the degree and site of th 
ofistruction. If bile, pancreatic juice or both are prohibited from enter- 
S the lower part of the intestinal tract by obstruction at or e o\\ 
ampulla of Vater, the stools are characteristic. If bleeding is 
^^lesent, they will be tarry or show occult blood. In addition, t e} ma) 
uorinal or may var^^ from time to time. 

Repeated analysis of the gastric contents and vomitus is importa 
" the groups free hydrochloric add usually is diminished less com- 
nn" and rarely normal. Of the 12 cases reported by Euste 
, a patients had achlorhydria and 7 had diminished 
- ^ochloric acid. If the obstruction is below the ampulla of Vater. bi 
juice will be found in the contents of the stomach. Oas- 

biKK yr.: The Islands of Langerhans After Ligation of the Pancreatic 

’ - • Lxper. Med. 15 : 101 , 1912 . 
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trie motor function depends on the amount of gastric dilatation, being 
increased during the early stages and decreased later. Careful search 
may reveal fragments of the tumor. 

By roentgenographic examination the exact site of the obstruction 
can occasionally be determined, as occurred in 2 of 10 cases at the 
Mayo Clinic.'* Othenyise, the usual findings are a dilated hypomotile 
stomach, barium retention and no evidence of any gastric lesion. Occa- 
sionally dilatation of the duodenum is prominent. Herman and von 
Glahn, ' in their case of annular duodenal carcinoma situated just distal 
to the pyloric sphincter, emphasized the length of the stalk of barium 
formed by the lumen of the growth l 3 dng betu'een the pjdorus and the 
duodenal cap, which was apparent in the roentgenogrann 

COURSE AND DURATION 

In most cases, primar)' malignant disease of the duodenum runs a 
progressive course. The onset usually is insidious, with vague epigastric 
symptoms and little impairment of the general health, until the growth 
produces obstruction either of the duodenal lumen, with frequent vomit- 
ing, or of the flow of bile, with jaundice. From then on, especially 
with the interference of nutrition, there is a rapid decrease in the 
patient’s resistance, with a rapidly fatal termination. The terminal phase 
occasional^ is prolonged when there is a spontaneous release of the 
obstruction by ulceration and sloughing of the growth or when there is 
surgical intervention. The average duration of the disease generally 
quoted in the literature is seven months, with the average extremes 
being three and eighteen months. Intercurrent infection, to.vemia of 
high intestinal obstruction, general inanition and other complications 
already discussed are the usual causes of a rapidlj' fatal outcome. 


DIAGKOSIS 

The diagnosis of a priinar\" malignant condition of the duodenum 
is one of the most difficult problems confronted in medicine, and tlicre 
are two outstanding reasons for this difficulty. On the one hand, there 
is a lack of characteristic s 3 'mptoms and signs with an alnindance ol 
features common to several other lesions of the upi)er jjart of the 
abdomen; on the other hand, its rarit\', in contrast to the frequency ol 
malignancy in adjacent structures, results in the frequent failure to 
include it in the differential diagnosis. Consequently, in only a feu- 
cases recorded in the literature has the diagnosis even been .‘inspected. 
Hence most cases were diagnosed either at operation or at ;uilop-. 3 . 
Some writers have stated that the diagnosis is iinj)ossil)le clinic.div. 
However, there arc several im[)ortant stejis leading tf> a possible diag- 
nosis of this condition which shouW he emphasized, .^ince priin.ir} 
malignant disease of the duodenum usually mnnife-'ts it'<'Ii iiy oh-truc- 
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tioii of the lumen of the intestine, the first step is to decide that the 
case is one of chronic intestinal obstruction, which can usually be done 
readily except in the very earlv cases ; then, to locate the obstruction 
definitely, and finally, to determine the exact cause of the obstruction. 

Localization of the lesion is practically impossible in the veiy early 
cases of primary malignant disease of the duodenum when there is no 
clinical or roentgenographic evidence of obstruction. In these cases, 
the only hope of diagnosis usually lies in exploratory^ laparotomy. In 
the later cases, in which the growth has enlarged sufficiently to constrict 
the lumen of the intestine, there is usually no difficulty in deciding that 
the case is one of chronic intestinal obstruction and that the obstruction 
is high in the intestinal tract, in the pylorus, the duodenum or the upper 
part of the jejunum. The location may be determined by the history 
of early appearance of gastric symptoms, the lack of gaseous intestinal 
istention, with the presence of gastric retention and distention, and the 
absence of fecal vomiting even though the vomiting has persisted for 
some time. Because of its frequency a lesion of the pyloric end of the 
stomach must first be ruled out, and this is done chiefly by roentgen 
examination, by means of which stenosing pyloric gastric lesions may e 
'lotected in from 95 to 98 per cent of cases. The next problem is to 
’^0 e out the jejunum as the site of the disorder. This is done by roent 
monographic examination, the absence of feculant material m tie 
'’omitus and by the fact that lesions in the jejunum are less likely to 
marked diminution or absence of free hydrochloric acid m t le 
gastric contents. When there is no positive evidence that either the 
tomach or the jejunum is at fault, it is justifiable to assume at least 
emporarily, that the obstruction is in the duodenum. If it is e ov le 
iipulla of Vater, bile and pancreatic juice usually’^ are foun 
on repeated examinations, and the long, dilate , 

1 . portion usually is detectable in the roentgenogram, 

on is close to the ampulla, evidence of biliary' or pancreatic o^ st 
on usually occurs earlier than in obstruction of the other portions o 
„ ^ duodenum, and, if present, together with the characteristic roent- 
-^ogram, greatly aids in localizing the lesion. If the obstruction is 
nr'f^ ampulla, roentgen examination must determine its oca loi . 
sites assumed to be in this portion by' exclusion of the ot rer v o 

Having more evidence that the obstruction lies in the duodenuni 
stomach or the jejunum, and perhaps having e^en im e 
k ^^*i'iiotion to one of the three duodenal portions, the next 
Ij. determine the cause of the obstruction. As primary malignant 
fuid*^ duodenum has no specific symptoms, signs e>r specn 

h'uni’"''' diagnosed cbieflv bv exclusion of other possibili le.'-. 

rj^^ffiermore. even though the patimit's age and tlie very nature mid 
* of the disease suggest malignancy, there can be no ccr- 
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tamty about this and, therefore, it is necessary to include the possi- 
bility of benign lesions in the differential diagnosis. This, of course, 
greatly increases the number of factors to be kept in mind, but since 
most of the benign lesions can usually be ruled out quite easily except 
for a few of the more common ones, no attempt will be made to dif- 
ferentiate them in detail. Except in the very early cases, primarv 
malignant disease of the duodenum has certain features which usually 
are present and which greatly aid in the differential diagnosis. These 
are the evidence of chronic high intestinal obstruction ; absent or dimin- 
ished free hydrochloric acid and gastric motility ; dilatation of the duo- 
denum, stomach or both; the presence of blood in the feces and gastric 
contents, and a palpable tumor (in from 30 to 50 per cent of cases) 
to the right of the midline in the epigastrium or in the region of the 
umbilicus, which is usually movable in the first portion and fixed in 
the other two portions of the duodenum. 

In diagnosing primar}^ malignant disease of the first portion of the 
duodenum, pyloric carcinoma is most likely to cause confusion, and the 
differentiation must be made chiefly by roentgenographic examination. 

If roentgen examination fails to demonstrate an}'^ gastric lesion, but 
shows duodenal dilatation, there is good reason for excluding the 
stomach as the site of the disease. Free h 3 '-drochloric acid tends to 
disappear earlier in cases in which there is a gastric lesion than in those 
in which there is a malignant condition of the duodenum. If a tumor 
of the stomach is palpable, it usually is less movable and nearer the 
midline than a tumor in the first portion of the duodenum (Fenwick 
In spite of these facts, the differentiation is often impossible. Among 
the other possibilities, stricture due to a benign peptic ulcer either in the 
pylorus or in the duodenum sometimes is also difficult to rule out. 
However, the points against such an ulcer are the usual lack of the 
characteristic history of ulcer, the more rapid development of ema- 
ciation, cachexia and stenosis, a marked decrease or absence of free 
hydrochloric acid, the presence of a palpable tumor and the failure to 
demonstrate an ulcer by roentgen examination. Regarding supra- 
ampullary duodenal obstruction by external pressure, enlargement of 
the gallbladder is perhaps the most frequent cause, but other causes 
mentioned by Fenwick are growths of the omentum, kidney, pancreas 
or liver, enlarged retroperitoneal glands and an aneurysm of the celiac 
axis or of the hepatic artery. In all of these, in contrast to primary 
malignant disease of the duodenum, the presence of a comparatively 
severe obstruction, usually of rapid development, marked cachexia and 
loss of weight, the presence of blood in the vomitus and stools and a 
marked decrease or absence of free hydrochloric acid in the gastric 
secretion are the exception rather than the rule. In addition, roentgen 
e.xamination may be of value, especially in detecting an enlarged gall- 
bladder. 
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Duodenal obstruction due to primary malignant disease of the second 
portion is even more difficult to differentiate from that due to other 
possible causes, among which a stenosing simple ulcer and pyloric car- 
cinoma have to be considered in the manner already described. Acute 
pancreatic disease develops much more rapidly, produces less distur- 
bance of digestion and more pain and is less likely to reduce the free 
h_vdrochloric acid than is primar\' malignant disease of the duodenum. 
Similar!}', chronic pancreatitis and pancreatic tumors are less likel}’ to 
produce obstruction of the duodenal lumen and persistent blood in the 
feces and vomitus, or greatly to reduce the content of free hr'drochloric 
acid in the gastric secretion. When the lesion is situated at or close to 
fbe papilla of Vater and produces jaundice very early in the disease, 
'f is practically impossible to differentiate it from malignant disease of 
fbe papilla or the ampulla of Vater, chronic diseases of the pancreas 
or malignant disease of the gallbladder or the common bile duct, except 
^t operation or autopsv, and even then the differentiation is difficult. 

Obstruction of the third or infra-ampullary portion of the duodenum 
b) a primary malignant growth has to be differentiated chief!} from 
malignant obstruction of the proximal jejunum. For this chief depen- 
dence is placed on roentgen examination. Stenosis by a simple ulcer in 
ffiis portion of the duodenum can usually be ruled out. In addition to the 
actors opposing a diagnosis of pyloric carcinoma mentioned prerious }. 
bne and pancreatic juice usually are not present in the gastric contents 
|n pyloric obstruction unless there is pyloric insufficiency or a gastro 
1 iary fistula. Furthermore, obstruction of the third duodenal portion 
by enlarged retroperitoneal glands or superior mesenteric vessels, 
"iipaction of a large gallstone or external pressure from a tumor ot a 
contiguous viscus has to be considered. 


TREATMENT 

, ^be value of early surgical intem'ention has long been recognized in 
c treatment of primary malignant disease of the duodenum, ut on } 
recent years has the extreme importance of proper preoperative 
preparation been sufficiently emphasized. Since most cases are comp 
either hy toxemia of high intestinal obstruction or by jaundice 
r ^casionally by both, the patients present poor surgical ns 's. an 
j ^ ^re not properly prepared before operation, their h' es m _ 
shortened instead of lengthened by any such procedure. 

According to Eusterman," even though toxemia from duodena 
istruction may be suspected clinicallv. it is chiefly by means o c lennc 
of the blood that this condition can be recognized early, it- 
'Verity measured, the extent of treatment gaged and the eltect ot trea 
lent determined. Treatment at the Mayo Clinic consists ot the admin- 
cation of from 3.000 to 5.000 cc. of fluid daily by the 
^ '’'Cutaneous or rectal route; the intravenous injection ot irom 1.000 
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to 3,000 cc. of a solution of 1 per cent sodium cliloride and 10 per cent 
dextrose, and gastric lavage once or twice a day. If this treatment is 
continued daily for a time varying with the individual case, usually for 
about from four to seven daj'S, mai'ked improvement in the patient’s 
general condition almost invariably results, as shown by daily chemical 
studies of the blood. In addition, transfusions of blood are especially 
indicated in these cases. 

When jaundice is present, the preoperative treatment is likewise of 
the utmost importance, owing chiefly to the frequency of death result- 
ing from postoperative hemorrhage. In the 59 cases collected by Cohen 
and Colp,“° in which radical operation was performed for malignant 
disease of the periampullary region of the duodenum, 10, or 40 per cent, 
of the 25 deaths were due to postoperative hemoiThage. From Barrow, 
Armstrong and Olds it is learned that in normal blood there is 
approximate!}' 1 part of bilirubin to 500,000 or 600,000 parts of serum, 
and that the proportion has to increase to approximately 1 part in 50,000 
or 60,000 before clinical jaundice begins to appear. The range of bili- 
rubinemia between the normal dilution and the concentration necessary 
to cause the first appearance of clinical jaundice is known as “latent 
jaundice.” In terms of icterus index, the normal range is between 4 
and 6, latent jaundice is between 6 and 15, and clinical jaundice usually 
appears above 15. When jaundice is evident, the necessary precautions 
are usually taken, but when the jaundice is latent, it may give rise to 
unsuspected operative hemorrhage, unless it has been recognized and 
properly treated before operation. Therefore, the importance of per- 
forming the van den Bergh test, icterus index and studies on the coagu- 
lation of blood in all of these cases cannot be overestimated. For 
the preoperative preparation of jaundiced patients there is the method 
of Walters,^- recommended by Cohen and Colp,®® consisting of the daily 
administration of 5 cc. of 10 per cent calcium chloride solution intra- 
venously for three days; 100 grains (6.5 Gm.) of calcium lactate by 
mouth daily for four days ; 4,000 cc. of water by mouth daily ; procto- 
clysis by means of a Murphy drip one hour on and one hour off, from 
3 to 15 per cent solution of dextrose being used; a high carbohydrate 
diet or a 10 per cent solution of dextrose intravenously, which, accord- 
ing to Mann and Magath,““ is almost specific for hepatic insufircicncy, 

30. Cohen, I., and Colp, R. : Cancer of Periampullary Region, Surg., Gyncc. & 
Obst. '45:332, 1927. 

31. Barrow, J. V. ; Armstrong, E. L., and OJds. W. H. : A Ginical, Patholog- 
ical and Operative Study of the Icteru-s Index, Am. J. M. Sc. 169:583, 1925. 

32 Walters, W. : Pre-Operative Preparation of Patients with Obstructive 
Jaundice, Surg., Gynec. & Obst. 33:651, 1921. 

33. itfann, F. C., and !Magath, T. B. ; Studies on the Pliysiology of the Liver, 
Am. j. Physiol. 55:285, 1921. 
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and also a transfusion of blood, given from twenty-four to forty-eight 
hours before operation, if the patient does not respond to the other 
measures. By this method Watters was able to reduce the coagu- 
lation time of the blood from fourteen minutes to two minutes in some 
cases. Judd sanctioned this treatment, but expressed the belief that 
it is better to continue it for one or two weeks instead of for only 
three or four days, as recommended by Walters.^- 

The type of operative procedure in primar\’ malignant disease of the 
duodenum depends on the condition of the patient, the size and location 
of the growth and the presence or absence of complications, such as 
jaundice or metastases. In the uncomplicated cases, if the growth is 
very small, excision of the growth and a small amount of surrounding, 
healthy tissue may be all that is necessar}-. but if the growth is larger 
or encircles the duodenum, a radical resection of the affected portion of 
the intestine should be done with or without gastro-enterostomy or trans- 
plantation of the biliary and pancreatic ducts into the duodenal wall. 
In 1 case, according to Outerbridge.-® a small growth was simply cur- 
retted away and the site cauterized. \\‘hen jaundice is present and the 
growth is small and localized to the immediate region of the papilla. 
Cohen and Colp recommend radical excision of the growth and reim- 
plantation of the biliary and pancreatic ducts into the duodenum, but 
ff the tumor is inoperable, the biliary obstruction should be relieved by 
cholecystogastrostomy, cholecystoduodenostomy, cholecystenterostomy 
or cholecystostomy. If the gallbladder has been removed previously or 
'f the case is unadaptable for anastomosis, a choledochoduodenostomy 
or a choledocho-enterostomy may be performed. On the other hand, if 
Ihe patient’s condition does not justify radical excision, the two stage 
nrethod used by Ma}-o and Kausch ®® may be followed, in which a 
palliative operation, such as cholecystenterostomy or gastro-enterostomy. 

•s performed to relieve distressing symptoms, followed later, in their 
vases in two or three months, respectively, by the radical operation. 
^Then metastases are present without evidence of biliary obstruction, a 
palliative gastro-enterostomy alone is a justifiable procedure. 


OPERcVTn'E RESULTS 

Since the average length of life of patients with primary malignant 
disease of the duodenum, especially of the ampullary region, is generally 
fii'oted as being from six to eight months, in spite of palliative measures. 


Judd, E. S. : Surgical Procedures in Jaundiced Patients. Collected Papers 
? die Jlfayo Clinic, Philadelphia. tV. B. Saunders Company, 1925. vol. 17. p. 125: 
-V M. .-K. 85:88 (July 11) 1925. 

^Jiiyo. \V. J. : Case of Carcinoma of the Duodenal End of the Common 

‘’•ct with Successful Excision. St. Paul M. J. 3:374. 1901. 

^'^•'"sch. W. : Die Resektion des mittleren Duodenum. Zentralhl. f. C'nir. 
•‘’"ilo.'O, 1909. 
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the question arises as to what are the results when radical procedures 
aie undei taken in these cases. In the 59 cases collected by Cohen and 
Colp in 1927, in which radical operation of the ainpullary region had 
been performed, the operative mortality was 44 per cent. Table 7 shows 
the length of life of those who survived the operation and lived for 
more than six months. In a similar series of 81 cases collected by 
Muller and Rademaker in 1931, 16 patients, or 19.7 per cent, lived 
moie than one 3'ear, 7 patients, or 8.6 per cent, lived four ycai's or more, 
2 patients lived five 3'ears, 2 six 3'ears, 1 nine 3'ears and 1 twent3'-two 
years. In all of these, a transduodenal excision with reimplantation of 
the common duct was performed. In this same series, there was 1 case 
in which the patient lived for five years after merely a palliative chole- 
C3^stoduodenostomy was performed. If s3']nptoms develop after a radical 
operation has been performed, the3' should be relieved by palliative 

Table 7. — Results of Radical Opcratious for Carcinoma of the Avtptillory Region 
of the Duodenum (Cohen and Colp^^) 


Years Alive 

0 to % 

to 1 

1 to 2 

2 to 3 

3 to 4 

4 to 5 

5 to 9 

9 to 30 

Recovery but no time stated 


Number of Cases Per Cent 
27 45.8 

34 23,7 

0 10.3 

3 5.1 

3 5.1 

1 3.G 

0 0.0 

1 3.0 

4 0.8 


measures, which often greatly prolong the life of the patient, as illus- 
trated by a case reported by Muller and Radeinaker in which there 
was a five 3^ear cure. Strauss, Block, Friedman and Flamburger 
reported a case in which there was a lymphosarcoma located distal to 
the ampulla of Vater; the patient survived two years after pyloric 
closure and gastro-enterostomy followed by a course of high voltage 
roentgen therapy. Schofield,^- in 1930, reported a case in which chole- 
cystoduodenostomy and posterior gastro-enterostomy were performed, 
followed by implantation of radon seeds in the adenocarcinomatous 
growth located on the posteromedial wall of the duodenum in the 
ainpullary region. Autopsy twent3'-nine days later showed a fistula in 
the anterior surface of the duodenum, but the wall at the site of the 


37. lilullcr, G. P., and Rademaker, L. : End-Results in Radical Operations 
for Carcinoma of PeriampuIIar Region of Duodenum, Ann. Surg. 93:755, 1931. 

38. Strau-ss, A. A.; Block, C. : Friedman, J. C., and Hamburger, \V. W.; 
Sarcoma of Duodenum and Stomach, S. Clin. Xorth .America 5:977, 1925. 
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malignant growth was intact, the growth was difficult to identify gross!}', 
and there was complete absence of cancer cells in many microscopic 
sections. 

Following are the reports of 2 cases of duodenal carcinoma observed 
at the Cleveland Clinic. 


REPORT OF CASES 

C.^SE 1. — History . — A married woman, aged 53, was admitted to the Qeveland 
Clinic Hospital on Dec. 20, 1931, with persistent and progressive symptoms of ten 
months’ duration, which included frequent, dull, epigastric pain, gas formation, 
loss of 39 pounds (17.7 Kg.), a marked decrease in strength and frequent nausea 
and vomiting; the pain always was limited to the epigastrium, never radiated. 



1 ?' 

'g- 1 (case 1). — Roentgenogram taken following 
' of the stomach and of the duodenal bulb. 


barium meal, showing 


appeared at any time of the day or night, lasted from a few minutes to several 
'ours, usually was relieved by vomiting and always was followed b}- soreness in 
0 region of the gallbladder. There had never been hematemesis, jaundice, fever 
chills. There had been varjdng degrees of constipation, but never any diarrhea, 
e stools frequently were light yellow, but never tarry. There was nothing in 
0 past historj- or in the family historj' which had any bearing on the case. 

P 

-■raiiunaiioii . — The patient was a small woman, only 4 feet, 9 inches (144.8 cm.) 
IJ! 'veighing 99 pounds (44.9 Kg.), who, in spite of having lost 39 pounds, 
"ot look emaciated. The skin appeared to be of normal color and texture. 
l.'(T was 98.6 F. ; the pulse rate was 110, and the blood pressure was 

'*olic and 70 diastolic. Oral e.xamination showed receding gums, marked 
l-frrhea and small, chronically infected tonsils. The heart sounds were normal 
i^pt lor a soft systolic aortic murmur. There was moderate sclerosis of the 
'pheral vessels. The abdomen was flat and soft, and there was no palpable 
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mass. The liver and gallbladder were not enlarged, but there was slight tenderness 
m the region of the gallbladder. Rectal examination was negative except for a 
few small external hemorrhoids. 

The blood count was normal, with 4,840,000 erythrocytes, 9,700 white cells and 
a hemoglobin content of 84 per cent. Repeated urinalyses showed nothing abnor- 
mal. The Wassermann and Kahn reactions were negative. Gastric analysis could 
not be done because of nausea and vomiting. The blood sugar was 97 mg. per 
hundred cubic centimeters, and the blood urea, 51 mg. Roentgen examination 
failed to reveal the gallbladder because the dye had not been properly absorbed. 
The barium meal showed a hugely dilated stomach and duodenal bulb (fig. 1) 
without evidence of any organic defect, but just beyond the duodenal bulb there 
was an obstructive lesion that was constant in all positions. There also was evi- 
dence of residue in the stomach and duodenal bulb, after six hours, but none at 



Fig. 2 (case 1). — Section of the adenocarcinoma; reduced from X 150. 


twenty-four hours, showing that the obstruction was not complete. The colon 
seemed completel 3 ' normal. 

Operation and Course . — An operation, performed on Dec. 24, 1931, by Dr. R. S. 
Dinsmore, revealed a large, dilated stomach and duodenal bulb caused by a hard, 
nodular, ringlike growth 1 inch (2.5 cm.) in width completely encircling the 
second portion of the duodenum about 3 inches (7.6 cm.) bej'ond tiie pylorus. 
There was no evidence of metastasis, and the gallbladder and ducts were normal. 
Biopsy showed the growth to be adenocarcinoma (fig. 2). A palliative posterior 
gastro-enterostomy was performed. 

The patient made an uneventful operative recovery and was discharged on the 
sixteenth day after operation. Her symptoms had been completely relieved. She 
was seen about three weeks later, complaining of diarrhea and hemorrhords, which 
were treated. Jaundice first appeared on Feb. 9, 1932, just a month following her 
discharge from the hospital, and because it was progressive, continuous and accom- 
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panied by intense itching, she was admitted to the Cleveland Lutheran Hospital on 
April 4. Examination at that time showed that she was quite jaundiced and ema- 
ciated. Her weight was only 79 pounds (35.8 Kg.). The liver and gallbladder 
were moderateh' enlarged and tender. Examination of the blood showed that 
anemia had developed ; the erythrocj-tes numbered 3,700,000 ; the white blood cells, 
5,000, and the hemoglobin had dropped to 68 per cent; the icterus index was 101. 
A cholecj'stostomy was performed on April 6 by Dr. E. Lower, followed by 
an uneventful operative recovery- and a rapid subsidence of the itching and 
jaundice. The patient was discharged in good condition on April 18. Four months 
later, in August, she was much improved, had gained 30 pounds (13.6 Kg.), and 
was doing her own housework. The bile was draining freely through the 
cholecystostomy wound, and the stools were white. The patient was free from 
any distressing symptoms. 

Case 2. — History . — A married woman, aged 50, was admitted to the Lakeside 
Hospital on July 3, 1918. She had had a cholecystectomy in March, 1917, which 
was performed at another hospital and of which no record was obtainable, follow- 
ing which there were a gradual loss of 68 pounds (30.8 Kg.), a marked decrease 
in strength, marked constipation, requiring daih' cathartics and enemas, and attacks 
of vomiting, lasting from two to three days and recurring from ever>' three to six 
weeks, 'which were usually accompanied by either soreness or moderate cramplike 
pain in the epigastrium. The vomitus was usually of a yellowish-green color and 
on two occasions had contained food ingested forty-eight hours previously. There 
had been no jaundice at any time. The past history and family historj- were irrel- 
evant e.xcept that the patient had typhoid fever in 1889. 

E.vaminatiou . — The patient had a flat abdomen with marked tenderness and 
slight rigidity in the epigastrium. The liver and spleen were not enlarged. No 
circumscribed mass was palpable. 

Examination of the blood showed 4,480,000 erythrocytes. 8,200 leukocytes and 
70 per cent hemoglobin ; the W'assennann reaction was negative. The urine was 
acid and contained albumin, a few white blood cells, epithelial cells, casts, mucous 
shreds and uric acid crystals. Gastric analysis showed an absence of blood and 
mucus and the presence of bile and a few undigested particles of food. Gastric 
analysis ten days later again showed an absence of free hydrochloric acid and a 
total acidity of 20 per cent, but this time every specimen contained free blood. 

Of’i'rotini! and Course . — On July 29, 1918. operation by Dr. \V. E. Lower 
revealed a hard, carcinomatous mass. 1 inch (2.3 cm.) in length, obstructing the 
third portion of the duodenum 7 inches (17.78 cm.) distal to the pylorus. There 
was no evidence of metastasis. A radical resection of this portion of the duodenum 
uith a lateral anastomosis and appendectomy were performed. 

The patient made an uneventful operative recovery and was discharged on 
.-\ngust 21 in good condition. She lived until Sept. 20. 1924. The c.xact cause 
of death wa-. not known. No autopsy was obtained. 


The patient's condition was satisfactory until late in January. 19.1.1. wh.en 
ilr.'iniage from the ch.olecysto.toiny opening ceased, jaundice and itching recurreil. 
and a large inas^ was palpalde in the right upper part of tlie alvjoruen. .Sh.e failed 
t.ipidly, .'lud died aK'iit three wetks t.-jj^;- ,-\utopsy w.'o refu‘ed. hut tile clinical 
^lei'o .Mid s\mptfn:s indic.'ittii that tliere 'lad l*ee:i e\tet'si..n < f the grov.ttt and 
- ’etnatmu th, o.-nm m l.ile duct 
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CONCLUSIONS 

1. Primary carcinoma of the'duodneum is found in 0.033 per cent of 
autopsies, making the ratio 1 : 2,780. Although it is a rare disease, a 
sufficient number of cases have been reported to arouse clinical interest. 

2. It is almost as frequent as carcinoma of the jejunum and ileum 
combined. 

3. It occurs three times as frequentl}' in men as in women. 

4. The sixth decade of life is the average and most frequent period 
in which this disease occurs. 

5. Of the three duodenal portions, the second or ampullar}- is by 
far the most frequently involved. 

6. C\'lindric cell adenocarcinoma, with its tendenc}' to encircle and 
obstruct the duodenum, is the type most frequently found. 

7. There is little evidence that malignant disease of the duodenum 
ever arises from a simple duodenal ulcer. 

8. Metastases, even to the contiguous lymph nodes, are not common, 
and generally occur very late in the disease. 

9. Since primary malignant disease of the duodenum has no char- 
acteristic symptoms, signs or special findings, the diagnosis is most 
difficult. 

10. The course of the disease is usually progressive and rapid. 

11. Radical excision should be performed in the uncomplicated 
cases; otherwise, palliative measui'es are justifiable. 

12. More thorough preoperative preparation is one method of reduc- 
ing the existing high operative mortality in these cases. 

13. So few cases of primary sarcoma of the duodenum have been 
reported that it is impracticable to draw any conclusions regarding 
them. However, sarcoma is generally thought to occur less frequentl}' 
and at an earlier age than carcinoma and to be more responsive to high 
voltage roentgen therapy. 
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A review of the reports of nasopharyngeal carcinomas is made dif- 
ficult by the various titles used to describe them. To some extent this 
confusion exists because of variations in the structural arrangement 
and meager differentiation of the tumor cells, but especialh' because 
these tumor tissues have been found metastatic in cervical lymph nodes 
and the primary focus ^\■as not considered, or was overlooked during the 
life of the patient, or in the body when the postmortem examination 
was made. Consequent!}-, the metastases in the lymph nodes were 
regarded as primary growths, and the alinement of the observations 
with such an interpretation brought confusion. Among the descriptive 
titles used are carcinoma, epithelioma, transitional cell carcinoma, 
lympho-epithelioma and endothelioma as well as others when the reports 
are without an adequate gross or histologic description. The review of 
nasopharyngeal carcinoma by Norcross ' in 1913 mentioned about fifty- 
five growths, and at the end of 1931 there were less than eighty more. 
Because of marked radiosensitivity and histologic structure, some 
authors have described certain of these tumors as transitional cell epi- 
dermoid carcinoma in contradistinction to the squamous cell variety. 
Thus, Crowe and Baylor," Quick and Cutler,^ and Hughes * together 
have reported nineteen such tumors. They contend that this tumor has 
a specific histologic structure. The growths have small closely arranged 
cells with scanty c}-toplasm and hyperchromatic nuclei, and only a small 
amount of intercellular substance. The primary focus of these carci- 

From the Henry Baird Favill Laboratory of St. Luke's Hospital and the 
Norman Bridge Pathological Laboratory of Rush Medical College of the 
University of Chicago. 

1. Norcross. E. P. ; Intramural Malignant Tumor of the Lateral Wall of the 
Nasopharynx, Ann. OtoL, Rhin. & Larj-ng. 25:967, 1916. 

2. Crowe. S., and Baylor, J. : Benign and Malignant Growths of the Naso- 
pharynx and Their Treatment with Radium. .-Vrch. Surg. 6:429 (!March) 1923. 

3. Quick. D., and Cutler, M. : Transitional Cell Epidermoid Carcinoma. Surg., 
Gyncc. & Obst. 45:320. 1927. 

4. Hughes. T. E. : Transitional Cell Epithelioma of the Nasophan-n.x, South. 
M. J. 22:826. 1929. 
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nomas is usually small, and the nasoiDharynx is not the only site of 
ongin. In fact, they occur more frequently at the base of the tongue, 
in the tonsil and larynx, but the metastases into the neck from such 
sites of origin are unilateral. Contrasting with the squamous cell carci- 
noma, the transitional cell tumors rapidly produce large metastases to 
the cervical l3anph nodes and viscera, and they are markedly radiosensi- 
tive. The tissues never have mature squamous epithelial characteristics 
such as hornification, spines or pearl formation. According to Quick 
and Cutler, these carcinomas may arise from the transitional epithelium 
lining portions of the nasophaiwnx, ducts of mucous glands, or, as 
they state, by a reversion from metaplastic or anaplastic squamous 
epithelium. Finall}', these growths are said to develop from misplaced 
embiyonal tissues. 

Ewing •’ concluded that the transitional cell carcinoma cannot be 
separated sharply from the so-called lympho-epithelioma. The latter 
tumor, he maintained, arises from a modified epithelium overJ^-ing 
l3’mphoid structures at the base of the tongue, in the nasophaiynx and 
in the tonsils. Schmincke,® Ferreri,' and others, however, stated that 
a lympho-epithelioma is a specific tumor and should not be confused 
with a transitional cell carcinoma. Beck and Guttman,® and Cutler ® 
have published concise reviews of the literature relating to these two 
varieties of tumors. Clinically they cannot be differentiated from one 
another since both are extremel3' radiosensitive and both, as a rule, 
promptl3' pi'oduce extensive metastases, Schmincke stated that a 
lympho-epithelioma has a branchiogenic origin as lias the normal 
lymphoid tissue, and that this tumor is distinctive in consisting of a 
S3mc3^tial reticulum infiltrated with lymphocytes both in its primaiy 
growth and in its metastases. Dietrich and Babes stated that the 

o 
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6. Schmincke, A.: Ueber lymphoepithelialc Geschwiilstc, Beitr. z. path. Anat. 
ij. z. allg. Path. 68:161, 1921. 
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lymphocytes present even in the metastases are secondary infiltrations. 
Singer reported one tumor that resembled equally a small undifferenti- 
ated sarcoma and a lympho-epithelioma. He considered the latter tumor 
a special form of sarcoma and consec|uently of mesenchymal origin. 

In contrast to these two varieties of radiosensitive tumors briefly 
discussed, mention should be made of a group of tumors that clinically 
is characterized by a marked resistance to radium and which rarely 
produces generalized metastases. These are the squamous cell carci- 
nomas. A search has failed to demonstrate any report of a primary 
nasophar}'ngeal carcinoma having fully differentiated squamous epi- 
thelial cells. Several nasophan.'ngeal carcinomas without visceral metas- 
tases have also been described as epithelioma, papillar}' and glandular 
carcinoma, and as carcinoma simplex. 

Oppikofer,^^ Gatewood.” Citelli and Singer together have reported 
fourteen tumors with complete histologic descriptions. Of these tumors, 
five had a tendency to form stratified pavement epithelium, four glandular 
structures, one a papillary structure, and five were simply desig- 
nated as carcinoma simplex. In addition. Hansel studied ten carci- 
nomas and prepared a summary of their histologic characteristics. 
These growths were highly malignant, and their cells lacked differenti- 
ation. The tissue structure of Hansel’s tumors was remarkably like that 
described by other authors as transitional cell carcinoma. The exact 
origin of these tumors, and whether the so-called transitional cell carci- 
noma is only its more immature and malignant form, is uncertain. 
Dietrich has proposed that a remnant of a hypophyseal stalk is the 
source of a few of these growths, that is. of those located in the midline. 
Rosenbusch stated that embix'onal rests of the hypophyseal stalk 
consisting of nests of squamous epithelium have been found normally 
in all adults. Dietrich reported that these tumors are more often a 
variety of immature squamous epithelium, and conceivably such indif- 

12. Singer, L. : Zur pathologischen .-ynatomie der malignen Geschwulste im 
Xasenrachenraum, Ztschr. f, Hals-, Xasen-u. Ohrenh. 17:368, 1927. 

13. Oppikofer, E. ; Ueber die primaren malignen Geschwulste des Xasen- 
rachenraumes, Arch. f. Laryng. u. Rhin. 27:526, 1913 

14. Gatewood, W. E. : Carcinomas of the Xasopharvnx, J. A. M. A. 66:499 
(Feb. 12) 1916. 

15. Citelli, C. : Ueber 10 Fallc von primaren malignen Tumoren des Xasen- 
rachens, Ztschr. f. Laryng.. Rhin.. Otol. 4:331, 1911. 

16. Hansel. J. K. : Malignant Tumors of the Xasopharvnx, .-Xrch. Otolaryng. 
9:12 (Jan.) 1929. 

17. Rosenbusch, H. : Ueber das Karzinom des Xasenrachenraumes im fruhen 
Kindesalter, Frankfurt. Ztschr. f. Path. 31:507, 1925. 
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ferent tumors as the carcinoma simplex arise from an embryonal type 
of undifferentiated epithelial cells. These immature tumors in turn may 
differentiate into the other more mature varieties of carcinomas. Singer 
believed that the tumors arise from the stratified squamous and the 
pseudostratified columnar epithelium of the nasopharynx, and that the 
more differentiated, and hence the less malignant thej"^ are, the more 
they resemble these linings. The latter view seems the most plausible. 
The scanty differentiation of the epithelium in the carcinomas described 
as transitional cell carcinomas or lympho-epithelioma probably is only 
such as occurs in indifferent epithelium arising from squamous cell sur- 
faces. These immature squamous cell carcinomas probably would be 
moie radiosensitive, more malignant, and cause earlier and wore 
extensive metastases than the more mature variety. 

The rarity of nasopharyngeal carcinomas can be appreciated from 
the statistics of tlie Charite Hospital in Berlin where the}'^ constituted 
only 1.67 per cent of all carcinomas of the body. Singer in ten years 
found nasopharyngeal carcinomas in only two of 7,051 bodies. 

Grossly, there is nothing characteristic about the primary tumor 
whereby it can be classified into any special variety of carcinoma. It 
is usually small, often not more than 0.5 cm. in diameter. The surface 
may ulcerate and the growth is slow. New stated that the average 
duration of clinical symptoms is fourteen months, but this probably 
varies. Both se.xes are affected equally, and the tumor may occur at 
any age. According to Gatewood, 60 per cent of the patients are between 
the ages of 40 and 60 years. The youngest patient was 1 year, 3 months 
of age. 

The clinical symptoms vary^ markedly, and the disease often remains 
unrecognized for some time. If the tumor extends laterally, as is often 
the case, the eustachian tube becomes involved and the subsequent symp- 
toms are referable to the ear. One of the first and most important 
symptoms is an insidious enlargement of the cervical lymph nodes 
because of tumor metastases. The patient usually notes the slow growth 
of a painless nodule in the parotid or carotid region on one side of the 
neck, and frequentl}- several weeks or months later a similar growth on 
the opposite side. Many of these enlarged glands have been erroneottsly 
diagnosed as endotheliomas, even when tissues were excised for exam- 
ination, because a growth of the nasopharynx was not suspected or 
sufficient care was not exercised in examining the nasopharynx to dis- 
close the primary growth. When the tumor e.xtcnds anteriorly, sj'inp- 
toms of nasal obstruction or bleeding occur. The extensions may be 
into the sphenoid, ethmoid and frontal sinuses, and occasionally into 

18. New, G. B.: Syndrome of Malignant Tumors of the .Nasoptiaryn.v, 

J. A. A. 79:10 (July 1) 1922. 
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the anterior cerebral fossa. Then, am- or all of the second, third, 
fourth, second and third Ijranches of the fifth and the sixth cranial 
nerves are involved, causing an enigma of symptoms unless the primary 
tumor is found, ^^''hen the tumor extends down into the tissues of the 
phar3-nx and particularly when the tumor tissues compress the ninth, 
tenth, eleventh and the twelfth cranial ner\-es at their exit from the 
jugular foramen, Jackson’s syndrome, complete or partial, is present. 
Extension posteriorly is rare. If this occurs, the bones at the base of 
the skull are eroded, the brain is compressed and sr-mptoms of a basal 
brain or pituitary tumor develop. The neurologic symptoms produced 
by these tumors were summarized concisely by Woltman.^® Xew, in 
reviewing the S3-mptoms of sevent3'-nine patients with malignant tumors 
of the nasophar3-nx, mentioned that of these onl3' thirtv-eight had 
nasophar3'ngeal s3'mptoms. He, therefore, emphasized the importance of 
nasophar3-ngeal examinations in patients having unexplained S3-mptoms 
referable to the pituitar3- bodv or to the gasserian ganglions. s3-mptoms 
of a brain tumor or glandular enlargements of the neck, and in those 
with a metastatic malignant tumor of the bod3- where the primar3- focus 
is concealed. Even then, the primary nasophar3-ngeal growth may be 
too small or too deeply seated to be detected without special effort. 
Of interest in this connection is the circumstance that the first examina- 
tion of the nasopharynx in each of the three patients of our report failed 
to demonstrate the primar3- carcinoma, notwithstanding that the examin- 
ing physician knew of the bilateral enlargement of the cervical Emph 
nodes and that the pathologists considered the carcinoma tissues found 
in excised nodes secondar3' to a primar3- growth of the nasopharynx. 

REPORT OF CASES 

Case 1. — G. H., a white man, aged 36, entered St. Luke’s Hospital on Nov. 3, 
1931, with bilateral enlargement of the cervical lymph nodes for more than two 
years ; persistent pain in the occipital region, cough and hemoptysis for three 
months, and a loss in weight of 17 pounds (7,7 Kg.) in five months. The swell- 
ing in the left cervical region was noticed shortly before that in the right. On 
arising in the morning, he expectorated a small amount of blood-tinged, yellow 
mucus. His tonsils had been removed many j-ears before. At the age of 12 
years he injured his head while diving. Shortly thereafter he noticed a swelling 
in the left cervical region which persisted for one and a half years. At the angle 
of the jaw and extending upward on both sides of the neck were firm and fixed 
masses, about the size of a hen’s egg. No other h-mph node enlargements were 
noted. There were no unusual elements in the urine. The blood pressure was 
140 systolic and 80 diastolic. The blood had 4,300,000 errthrocr-tes and 17,750 

19. Woltman, H. W. : Malignant Tumors of the Nasopharj-n.x with Involve- 
ment of the Nervous System, Arch. Neurol. & Psj-chiat. 8:412 (Oct.) 1922; 
Involvement of the Nervous System in Malignant Disease of the Nasopharr-nx, 
M. Clin. North America 7:309, 1923. 
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leukocytes per cubic millimeter, of which 85 per cent were polymorphonuclear 
leukocytes, 10 per cent monocytes, 10 per cent lymphocytes and 2 per cent band 
cells. The hemoglobin was 80 per cent (Sahli). The temperature was 97.2 F., 
the pulse rate was 90, and the respirations were within usual limits. The 
roentgenologic examinations of the head, neck and thorax disclosed calcified tissues 
m the masses of the right side of the neck, a thickening of the lateral processes 
of the first and second cervical vertebrae, changes in the occipital bone posterior 
to the foramen magnum with new bone growth suggesting an inflammatory 
process rather than a malignant growth, and changes of the upper part of the right 
lung, but not those of recent pulmonary tuberculosis. The sinuses of the cranium 
were unchanged. A clinical diagnosis of bilateral tuberculosis of the cervical lymph 
glands was made. On Nov. 6, 1931, the enlarged right cervical Nmph glands were 
removed, and an abscess in this region was drained. The patient made an unevent- 
ful recovery from the operation and was discharged within a few days. Dr. E. 
R. LeCount reported carcinoma metastases in these cervical lymph nodes, and the 
primary growth, he concluded, was probably in the nasopharynx. The primary 
nasopharyngeal carcinoma was demonstrated by Dr. M. Bryed Wilson. Death 
occurred on June 1, 1932, after a lingering illness. 

The body was examined at St. Luke’s Hospital at 9:00 a. m., on June 2, 1932, 
by Dr. Edwin F. Hirsch. The essentials of the anatomic diagnosis were; primary 
carcinoma of the posterior wall of the nasopharynx; carcinoma infiltration and 
erosion of the clivus and regional bones of the cranium; carcinoma compression of 
the pons and cerebellum ; metastatic carcinoma of the right and left upper deep 
cervical lymph nodes; carcinoma thrombosis of the left internal jugular vein and 
of some of its superior branches; marked necrosis and liquefaction (pseudo- 
abscess) of the metastatic tumor tissues of the neck; confluent bronchopneumonia 
of the right lung; acute exudative otitis media on the right side; hyperemia and 
edema of the right lung; cloudy swelling of the liver, kidneys, and mj'ocardium, 
and marked emaciation. 

A mass about the size of a small hen’s egg beneath a healed surgically incised 
wound in the right mastoid and carotid regions involved the upper part of the 
sternomastoid muscle and extended to the base of the cranium. 1 he upper portion 
of this mass contained an abscess from 4 to 5 cm. in diameter with about 20 cc. 
of a thin, gray, purulent fluid. The wall was graj’-white, soft and friable tumor 
tissue. The right lower deep cervical lymph nodes behind the carotid sheath were 
1 cm. in diameter and consisted grossly of unchanged lymphoid tissue. Tlic cor- 
responding left lymph nodes were 2 cm, in diameter and consisted of a firm, gray- 
white tumor tissue that extended into the region of the ear tissues behind the angle 
of the jaw. The tumor tissue also had penetrated the adjacent wall of the 
internal jugular vein and occluded 4 cm. of the lumen. The lumen of the upiicr 
portion of the left external jugular vein was filled with a firmly adherent, gray- 
white, finely' trabeculated thrombus that extended 7 cm. 

A block of tissues was cut out of the base of the cranium (fig. 1), and tlic 
important portions and structures included were the clivus, sphenoid and etlimoid 
bones, nasal and postnasal spaces, hard and soft palate and the first and 
second cervical vertebrae. The posfna.saI space was narrowed by a finely 
nodular, firm and gray- white growth, 10 by 10 by 4 mm., prorltiding from the 
posterior wall of the nasopharynx. The upper edge was about 1 cm. from the 
vault of the nasopharynx. It occupied the midline, but extended more to the right 
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than the left side and was covered with a glistening mucosa. The mucosa lining 
the remaining portions of the nasopharynx was smooth and glistening. Posteriorly, 
the growth had infiltrated extensively the body of the sphenoid bone, and it 
reached to the floor of the sella turcica. The basilar portion of the occipital bone 
and the bodies of the first and second cervical vertebrae were similarh- ingrown 
by tumor tissue. The carcinoma had penetrated the dura of the clivus and had 
grown into an elevated mass of gra\-, granular tissue, 2 by 2.2 by 0.4 cm., to the 
right of the midline. This e.xtended to within 3 mm. of the right internal 
auditorj' meatus and extended down 1.5 cm. on the lateral side of the spinal cord. 
Medially and to the left of this mass, the clivus was elevated 1 cm. and was 
covered with a smooth dura. There were no gross changes of the lining or deep 
tissues of the floor and roof of the nasal passages, hard and soft palate, nasal 



Fig. 1 (case 1). — Sketch of a sagittal view of the nasopharynx to illustrate 
the location of the primary carcinoma and the erosion of the clivus. 

septum, middle and superior turbinate bodies, uvula, or of the ethmoid, frontal, 
maxillary or sphenoid sinuses. 

Histologic Report . — Right Cervical Lymph Gland Removed Surgicalh-: Four 
pieces of tough, red, fibrous and lymphoid tissues ranged from 1.8 b 3 - 1.6 bj" 
1.2 cm. to 4 b\' 3 by 1.2 cm. One piece was a grittj- calcified mass 2.5 b}’ 2 bj' 1.2 
cm. Another piece also contained a firm fibrocaseous region 4 mm. in diameter. 
These tissues histologicalK- had narrow and wide sinuous bands of dense 
hjalinized fibrous tissue ingrown about 40 per cent b\' branched cords and masses 
of epithelial cells laid down in mosaics (fig. 2). The cells varied considerabh- 
in size. Most of them were small, but main' were large and undifferentiated. Thev 
had large round and ova! vesicular nuclei surrounded bj- a small amount of 
basophilic cytoplasm. Many large cells were in mitosis. These tumor cells had no 
tendency to assume a definite arrangement. There was no hornification of the 





Fig. 2. — Photomicrograph illustrating the carcinoma mctastases in the right 
cervical lymph nodes. These tissues were removed surgically with the diagnosis 
of tuberculosis, and the histologic examinations gave the first intimation of a 
primary carcinoma of the nasopharyn.x. Reduced from a magnification of X 252. 



Fig. 3. — Photomicrograph of the carcinoma tissues metastatic in the left 
cervical lymph nodes. These tissues were obtained flnring the postmortem 
examination. Reduced from a magnification of X 
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cells or so-called “epithelial pearls.’’ Focalh-, in the fibrous tissues were chronic 
inflammatory changes. Only small masses of lymphoid tissue remained. 

During the postmortem e.xamination. tissues were taken from the tumor mass 
in the left side of the neck for microscopic e.vamination. These tissues had 
essentially the same structure as those in the right cen-ical gland, except that there 
were fewer large cells and onh’ occasional cells in mitosis (fig. 3). These 
carcinoma cells also had no orderly arrangement except in a few places where they 
tended to be in stratified laj'ers of varying width. At the base, the cells and their 
nuclei were elongated like those of columnar epithelium ; they were more poh'hedral 
near the surface, not unlike the structure of stratified squamous epithelium. 
Focally, there were regions of chronic inflammation and necrosis of the fibrous 
tissue. The histologic structure of the priman' growth was essentially the same. 
The left cervical lymph nodes and tissues from the wall of the abscess of the cervical 
spine and from the thrombosed left external jugular vein were invaded by similar 
carcinoma tissues. The cells, however, were arranged even more orderly and had 
a closer resemblance to stratified squamous epithelium. There was no necrosis in 
these metastases. 

Case 2. — A white man, aged 21, entered the service of Dr. X. C. Gilbert, 
St. Luke’s Hospital, on March 6, 1928, because of a painless swelling on both sides 
of the neck for one and a half years. The swelling on the left side was noticed 
several weeks after that on the right. There were no other complaints. The con- 
dition had been diagnosed Hodgkin’s disease, and the patient had received several 
roentgen treatments. These reduced the size of the masses considerably. The 
only essentials revealed by the physical examination was a firm, fixed mass and a 
few hard discrete nodules just below the mandible on both sides of the neck. An 
examination of the nasopharynx at this time demonstrated no abnormalities. 
Portions of the masses on both sides of the neck were e.xcised for diagnosis. 
The histologic examination demonstrated lymphoid tissue extensively ingrown by 
compact masses of small epithelial cells. The appearance and arrangement of the 
cells suggested that the primary growth was in the nasophar>-nx. They did not 
assume the structure of stratified squamous epithelium, and there was no hornifica- 
tion. Following this. Dr. J. Gordon Wilson examined the nasopharynx and found 
a small carcinoma in the vault. Histologic examination of the tissues which he 
removed demonstrated h-mphoid tissue e.xtensively invaded by small epithelial cells. 
The infiltrated cells were in intimate relation with the lymphoid tissue reticulum 
and lymphocytes, a tissue structure corresponding to descriptions of a lympho- 
epithelioma. 

C.tSE 3. — A white woman, aged 20, entered the service of Dr. R. B, Preble, 
St. Luke’s Hospital, on Feb. 2, 1931, complaining of pain in the right ear and 
right side of the face, vertigo and right frontal headaches for five months, and 
painless bilateral enlargement of the cervical Ij-mph nodes for three weeks. 
Nothing of importance was found on physical examination, except bilaterally 
enlarged, painless, discrete, and somewhat fixed superior cervical h-mph glands. 
Roentgen e.xaminations of the cranial sinuses demonstrated obliteration of the right 
anterior ethmoid and right maxillarr- sinuses. No abnormalities were found in 
the nasopharynx. Hodgkin’s disease was considered the most probable diagnosis, 
but for confirmation a right cervical lymph node was excised. This contained 
metastatic carcinoma considered secondary to a primary growth of the naso- 
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Fig. a Cease 3). Pliotomicrograpli of the primary nasopharyngeal carcinomri. 
Masses of small cells have grown in intimate relation with the lymphoifl tissiie.s. 
The purple quality of the tumor cells in hematoxylin stained preparations contrasts 
them with the invaded tissues ; X 252. 
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phan-nx. The lymphoid tissue was markedly ingrown b\' masses of small 
epithelial cells with essentially the structure and arrangement of those in the lymph 
nodes of the second tumor discussed (fig. 4). Dr. J. Gordon Wilson found a cone- 
shaped carcinoma in the midline of the vault of the posterior nasophar 3 -nx. 
Tissues which he removed contained carcinoma. These had along one edge a 
regular and narrow squamous epithelial lining. Beneath this was h'mphoid and 
fibrous tissue ingrown b 3 ’ narrow cords and masses of small epithelial cells 
(fig. 5). The 3 ' were essentialh- the same as in the metastases of the cervical h'mph 
glands ; the 3 - had assumed no definite structure, but were strikingh- similar in size 
and structure to the cells in the basal la 3 -er of the lining squamous epithelium. 

SL’MMARV 

Three primary nasopharyngeal carcinon:as with metastases oi the 
cervical lymph nodes are described grossly and histologically. The diag- 
nosis for each patient was made clinicall}' by examination of surgically 
excised tissues, and the body of one was examined post mortem. His- 
tologically, all the tumors resembled immature squamous or pseudo- 
stratified epithelium, but in one the cells tended markedh' to assume the 
arrangement and structure of squamous epithelium. 

An essential clinical feature of these tumors was an insidious and 
painless bilateral enlargement of the cervical lymph nodes, due to metas- 
tases. The bilateral distribution of the metastases resulted from the 
midline location of the primary gro^\'th and the tumor tissue dissemi- 
nation into the lymphatics on both sides of the neck. 

Slight variations in cellular structure occur in these carcinomas, but 
within the limits of the cell varieties of the pseudostratified epithelium 
lining the nasophar3mx. 
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A review of the literature on the physiology of the large intestine 
and our own experience indicate that this organ is valuable, although 
not indispensable to the human economy. One of its interesting func- 
tions is the secretion of mucus. In a previous paper, the work of Hay, 
Luciani,^ Voit, Carpenter and Goldsworth}! and Florey - has been 
mentioned. In an excellent review, along with some woi’k of his own, 
Heupke ® summarized the present knowledge of the secretion and excre- 
tion of the colon. Using a Thiry- Vella type of fistula in a dog, be 
found the quantity of secretion from the colon to be rather small; this 
was not due to resorption of the secreted fluid, because by invagination 
of the isolated portion in a certain way the material could drop off as 
it formed. No difference in amount was noted from that ordinarilj' 
obtained by irrigating the segment. He found many bacteria in the 
secretions, even after daily irrigations of the segments for months; so 
he concluded that no bactericidal capacity was present. The reaction 
of the secretion was alkaline, with a /!>h between 7.5 and 8.4, and it did 
not change materially following intravenous injection of acids; so that 
he came to the conclusion that the colon does not function as a regulative 
organ for the acid-base metabolism of the body, as Lcffler has suggested. 

From the Division of Medicine, the Mayo Clinic. 
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METHOD OF IXVESTIGATIOX 

In order to determine, if possible, whether any or all of the various cathartic 
drugs, when given by mouth, would exert action in an indirect manner, for example, 
through the blood stream, on the muscle fibers or the nerve endings, we shunted 
the fecal current around the colons of a number of dogs, by means of the following 
operation in two stages. The first stage has been described by Mann. Briefly, it 
was as follows : With aseptic technic and under ether anesthesia, the ileum was 
sectioned about 6 cm. proximal to its juncture with the cecum, and in most cases 
from 7 to 10 cm. of ileum proximal to this point was resected in order to remove 
a portion the blood supply of which tends to be inadequate. The cut end of the 
distal portion of ileum, usualh- 5 or 6 cm. in length, was turned in to make a blind 
end, and the proximal end was left clamped in readiness for anastomosis. The 
colon was then sectioned close to the rectum, and its proximal end was turned in 
and replaced in the abdomen. End-to-end anastomosis was then completed between 
the proximal end of the ileum and the distal portion of the colon, thus reestab- 
lishing continuity of the intestinal tract. Through a stab wound in the right lower 
portion of the abdominal wall, the cecum was brought to the outside, and the main 
abdominal wound was closed in the usual manner. Twenty-four hours later a 
cecal stoma was opened through the turned in distal end of the ileum, and a small 
catheter inserted, a few cubic centimeters of warm saline solution being used to 
irrigate the pro.ximal portion of the segment. 

When the abdominal wound was well healed, usually in from two to three 
weeks, the second stage was effected by opening the abdomen and bringing the 
proximal, turned in end of the colon to the outside, and opening it twentj--four 
hours later, similar to the manner in which the cecum was opened. This left the 
colon isolated in the abdomen, with the cecum opening to the outside as a fistula 
on the right, and the colon, near the point where it was sectioned, as a fistula on 
the left. After healing was complete, a no. 14 or 16 French catheter could easib* 
be passed completely through the segment. The blood and nerve supply, as well 
as all layers of the bowel, were thus left intact. However, one may question 
whether the pelvic nerve or the nervi erigentes reached the isolated portion of 
colon. Since, for these experiments, the rectum was sectioned close to the anus, 
it may be possible that in some instances the motor nerves were interrupted. How- 
ever, the responses were similar in all e.xperiments, and, furthermore, the normal 
movements of the intestines imitated closely those of normal large intestines not 
operated on, as noted by other observers. In one dog, prolapse of from 8 to 10 cm. 
of colon and ileum took place through the rectum, so that laparotom 3 ' and fixation 
of the bowel were necessar}-. To avoid this in subsequent operations, instead of 
the end-to-end anastomosis of ileum to colon, the side-to-side tj-pe was done. The 
latter type of operation seemed, also, to be more free of complications, especiallj- 
since it gave the advantage of an adequate supph' of blood to the line of anastomosis, 
resulting in less danger of leakage and peritonitis and also of obstruction after 
operation due to swelling and edema at the lines of suture. 

B\- the oral administration of cathartics, it was determined whether activitc- took 
place in the segment of colon that was isolated from the fecal stream. This was 
studied first from the standpoint of the amount of secretion obtained from the 
colonic segment b\- hourly washings with tap water. 

Preliminary to the experiments, a no. 14 French soft rubber catheter was 
inserted through the isolated segment, from the stoma on the right side toward the 
left (cecum to rectum), and two or three holes were made in the catheter, so 
that when an irrigating solution was run through it. all portions of the colon 
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were washed The ends of the tube were tied together, and the catheter was thus 
kept m place for from seven to ten days before experiments were carried out; the 
catheter was allowed to remain in place indefinitely. Immediately after insertion 
of the catheter large amounts of mucus were secreted, but the amount decreased 
to the av'erage in from twenty-four to forty-eiglit liours. Most of the mucus 
appeared at the distal stoma, although occasionally small globules were present at 
the cecal opening. 

All factors concerned in the e.xperiments were kept as constant as possible. 
The dogs were made to fast for about twenty hours beforehand, and no food or 
water was given during the experiment. They were kept on tables most of the time, 
but were allowed to be up and about, under observation, for ten minutes every 
two hours. Tap water at body temperature was used to wash the segment. The 
first washing after beginning the experiment was discarded, for it represented the 
secretion accumulated over var 3 dng periods of time, and when the dogs were left 
for several weeks with no tubes in the segment, as occurred between the time of 
the second operations and the running of the experiments, enough mucus would be 
formed to fill the cavity of the segment completely. Tins, however, could be 
easily washed out. The cathartic drug was administered either by stomach tube. 



Fig. I, — Representative amounts of mucus obtained from an isolated segment of 
colon. In each of the graphs, defecation occurred but once and was concomitant 
with the peak of each curve, except in the e.xperiments with senna, in which 
defecation took place three times, owing to a large close of the drug. 


SO cc. of warm water being used as a solvent, or by a 10 cc. gelatin capsule given 
orally. Whatever the method, the dog received the cathartic immediately after 
the isolated segment was first washed out. Washings were then made at hourly 
intervals for eight or nine hours with 50 cc. of water, which was run through 
the segment three times. Care was taken not to stimulate the colon, either 
through distention by the fluid washed through it, or by moving the rubber tiilie 
any more than was necessary. Outside influences, such as noise and excitement, 
were kept at a minimum. 

Control experiments were carried out in an identical manner. Tidier a stomac i 
tube was passed and 50 cc. of water given, or an empty gelatin capsule was 


administered. . , . 

The washings were saved in 50 cc. containers, and these were centnfugalecl at 

the same speed for five minutes. The supernatant fluid in each container was 
then poured off, and the remainder was transferred to 15 cc. ccntnnige tubes 
<rracliiatcd to 0.1 cc. and again centrifugated, all at the same speed, for five iniiuites. 
Tlic height in cubic centimeters of colonic secretion was then read, and tlie reMi ts 
were plotted in the accompanying chart (fig. D- The dosage of the eat lartn. 
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drug was proportional to the weight of the dog. and in most cases -was Just enough 
to produce only one or two semiliquid stools within two or three hours. Xo one 
animal was purged more than three times a week. Drastic eftects from the 
cathartics were avoided. If the animal showed signs of discomfort on the table 
before the two hours were over, he was allowed to be up and to defecate if 
necessarj-, although care was taken not to permit escape of mucus through either 
stoma at any time. Xaturally, defecation took place more rapidly than normalh- 
because of the absence of practically the entire length of the colon, so that its 
functions of condensing and acting as a reservoir were lost. Observation on the 
time of action of the cathartics was thus of little value. 

NORMAL AMOUNT OF SECRETION AND FACTORS INFLUENCING IT 

In the control experiments, it was noticed that the level of secretion 
from the isolated colon of a dog that was lying quietly for several 
hours at a time was fairlv constant, and tended to be less, the more 
quiet the animal remained. During sleep the level of secretion seemed 
to be at its lowest, although at no time did the stoma become dry. 
Following movement of the bowels without a purgative, an increased 
amount of secretion appeared at the opening on the left side in from 
ten to fifteen minutes, rarely before. It continued to exude from this 
opening for about an hour or slightly longer, but was never seen in large 
globules such as were seen immediate!}- after defecation. 

Similar studies were carried out on one animal which became 
pregnant. Prior to impregnation, the base line of colonic secretion was 
at a point seemingly lower than it was during gestation ; also the rise in 
amount of secretion during defecation was higher, whether or not this 
was due to catharsis. W hether this rise is due to an increased vascu- 
larity of the pelvic organs, to the irritation and pressure of an enlarged 
uterus or to other factors is impossible to say. 

During an attack of mild diarrhea of unknown origin in one dog, 
there was also a definite increase in the amount of mucus secreted 
from the isolated portion of colon. Likewise, when in the course of 
the diarrhea defecation was induced by catharsis, the rise in the amount 
of secretion was considerably increased over the normal rise during 
the naturally induced defecation that accompanied the diarrhea. If the 
etiolog}' of this attack of diarrhea could have been determined, much 
might have been learned concerning the overactivit}- of the isolated 
segment of bowel during this period. Grossly, the color of the stomas 
was normal, as was easily seen in a small, everted portion on the left 
side. However, at regular intervals blanching and reddening of the 
stump, along with tonic contractions in rings, could be seen during 
the attack of diarrhea ; such phenomena were never noticed at any 
other time. 
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EVIDENCES OF ACTION IN THE ISOLATED COLON FOLLOWING ORAL 
ADMINISTRATION OF CATHARTICS 

There seemed to be little clifiference in the subsequent results, whether 
the cathartic drug was given by stomach tube in 50 cc. of water, or 
whether it was given b}' capsule in the dr}" state, undiluted with water. 

Accompanying catharsis induced by drugs such as senna, rhubarb 
and phenolsulphonphthalein, there ivas a marked rise in the level of 
secretion obtained from the isolated segment. No substantial increase 
in the amount of mucus took place in the segment until defecation 
occurred, but when the increase took place it was different from that 
accompanying control experiments. 

Castor oil produced the most sustained consistent rise in secretion 
of any of the cathartics. The increased amount of secretion ma}' pos- 
sibly be due to marked activit}’ produced in the small bowel by the oil ; 
yet the dogs in this experiment seemed no more uncomfortable than 
when given other cathartics. Likewise, defecation took place no earlier 
than with other drugs. It would seem likely that the ricinoleates formed 
ma}" be absorbed, and possibly some wei'e excreted into the isolated seg- 
ment of colon ; this may explain the tendency for an increased secretion 
of mucus over a longer period. 

Colocynth was selected from the irritant drugs because considerable 
work has been done on its mode of action. Also, if any absorption of 
this drug should take place, it would be likely to be manifested by an 
increase in activity of the isolated portion of bowel, as regards both 
movements and secretory function. Small doses were used, and in two 
of three dogs a well sustained rise in secretion from the isolated seg- 
ment was noted. A large quantity of mucus was present in the stools, 
which is evidence of the irritative action of the drug. Whether the 
increased secretion from the colonic segment u'as due to general dis- 
comfort or restlessness, to acti^'ity in the small bowel or to absorption 
and secretion into the isolated bowel is problematic. 

The salines produced effects similar to those in control experiments, 
and, so far as could be determined, enemas of 200 cc. of tap water gave 
results in no way remarkable. 

COMMENT 

In this series of experiments, measurements of action in the isolated 
segment of colon were based on the amount of secretion nhich, under 
various conditions, could be washed out of tlie segment. The secretion 
is no doubt composed largely of mucus, but may contain other sub- 
stances excreted bv this route, as evidenced by the studies of Bargeii. 
Osterberg and Mann.^ The fact that most of the secretion appeared 

4. Bargen. J. A.; Osterberg. A. E.. and Afann. F. C : Ab.sor,. lion and 
Excretion of Arsenic, Bismuth and ^rercHry: Experimental Work on the Colon, 

Am. J. Physiol. 89:640 fAug.) 1929. 
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at the stoma on tlie left side can be attributed to peristaltic activity in 
the segment. However, since the function of the distal part of the 
colon is that of contraction for the purpose of evacuation of the bowel, 
one would expect more mucus to be secreted in that segment of the 
bowel. 

Secretions from this isolated segment of colon may be comparable 
to meconium, because after remaining in the bowel for a considerable 
time the content became dark and of a putty-like consistence. How- 
ever, it never became black or pitchy unless exposed to air. Between 
the time of the final operation and the time when the catheter was 
inserted through the isolated portion semipermanently, it was found 
that enough secretion had accumulated to fill the lumen completely. 
It usuall}' was firm enough in consistence so that it could be washed 
out en masse. Several of these masses were hardened in formaldehyde. 



Fig. 2. — Cast of an isolated segment of colon, composed of solidified mucus. It 
filled the entire lumen and was extracted with considerable difficult}'. 

and seemed to represent an accurate cast of the isolated segment of 
bowel (fig. 2). Hurst explained this as coagulation of the mucus, 
owing to the presence of mucinase, which is secreted by the mucosa of 
the intestine. 

Luciani claimed that most of the nitrogen excreted in the feces 
originated in the intestinal secretions together with cellular debris from 
the wall of the bowel, and our observations seem to bear out this con- 
tention. Several determinations of the total nitrogen content of the 
secretion from this isolated segment of colon were made b}* the Kjeldalil 
method, and were found to be rather high, varying from 7 to 12 per 
cent for each specimen, depending on the amount of mucus present, 
tending to show that a certain amount of nitrogen is excreted in this 
manner. It may be noted that in so-called mucous colitis, when large 
(fuantities of mucus are eliminated, the loss of nitrogen to the I)ody 
may be enough to contribute to the low resistance of the subject. 
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It IS possible that the increase in intra-abdominal pressure durino- 
defecation may mechanically force to the outside the mucus already 
piesent in the segment, 3 ^et this factor does not seem to account for the 
entile volume of secretion produced. If the mucus expelled were that 
already present m the segment before defecation, one would think that 
it would appear immediately after defecation instead of ten or fifteen 
minutes latei , and also that it would be present only transitorily instead 
of for an hour or longer. However, it is no doubt true that the move- 
ments taking place within the isolated segment of bowel aid in the 
expulsion of the content. 

Attempts were made to interrupt the act of defecation just before 
the stool was passed, and they were successful in several instances. 
In each case it was found that the rise in the amount of secretion was 
only slightly above normal and did not reach the height produced by 
actual defecation. Furthermore, after vomiting no definite increase 
could be ascertained, and in a few cases in which several defecations 
took place in rapid succession following the administration of a drug, 
the rise was higher than could be accounted for by simple mechanical 
pressure exerted the same number of times. Again, in a number of 
instances, depression of the curve below the normal level took place 
immediately after the height was reached following defecation (fig. 1), 
and this at first thought might be taken as evidence that mechanical 
pressure from straining forced most of the secretion from the segment, 
leaving behind a smaller amount than usual. However, if this were 
the case, it seems more logical that the depression would occur more 
uniformly than it did, and that it would be greater and would last con- 
siderably longer. 

One animal, with prolapse of 8 cm. of the distal part of the colon 
through the stoma on the left side, offered an excellent opportunity to 
visualize the amount of secretion at various times. During the time 
the animal lay quiet on the table, the prolapsed portion of the colon was 
constantly covered with approximately the same amount of secretion. 
However, at the time of, and immediate!}' following, defecation definite 
lieads of mucus appeared on this surface, and the\' could be collected 
in considerable amounts. Furthermore, when this dog was jdaced on 
the table following defecation, a watery, thin, freshly secreted type of 
mucus ran down the edges of the prolapsed bowel, and in time was 
replaced by the thicker, tenacious type of secretion. 

Final!}', as a means of further observation, exteriorization of a 
segment of colon was effected, in a manner similar to that emjdoyed 
by Drury, Florey and Florey.® With the usual aseptic technic and 
with the animal under ether anesthesia, the large inte.'^tinc was with- 

5. Drury. -A. X.: Florey. H.. and Florey. .Af. E.: The tAascidar Kcaclioiis at 
the Colonic Afucosa of the Do" to Fright. J. Piiysiol. 68:I7.t fOct.) 1929. 
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drawn through a laparotomy wound, and 2 cm. was resected, leaving 
the mesentery of this segment intact. End-to-end anastomosis of the 
colon was then effected, the resected portion was brought to the outside 
through a stab wound, and the abdomen was closed. The exteriorized 
bowel was then opened longitudinally, and the edges were turned 
and sutured, with the mucosa outward, into an oval area from which 
the skin had been removed. After bealing was complete the secretions 
could be observed in this segment of colon, in the absence of the factor 
of changes in intra-abdominal pressure. It was noted that this patch 
was always covered with a layer of mucus, and that it showed changes in 
color such as Drury. Florey and Florey have described. However, on 
examining the patch for a long time, both before and after defecation, 
and by carefully absorbing anv excess mucus formed with a soft piece 
of gauze, it was definitel}- seen that there was an increase at the time 
of and following evacuation of the bowel. This was not apparent 
immediately as large globules, but was a slow, gradual process, taking 
place for a period of from ten to fifteen minutes or longer. These 
observations would tend to show that there is an increased secretion of 
mucus during the act of defecation, independent of mechanical pressure 
exerted by the abdominal musculature. 

The function of the mucus secreted at the time of defecation is 
obviously that of a lubricant to the feces. There is also the probabilit}- 
that, under normal conditions, the mucus-producing goblet cells react 
directly to the mechanical, or possibly chemical, stimulation of the 
content of the bowel, so that a nemous reflex is not necessary in the 
production of the mucus. However, the increased products of mucus 
present in the isolated, reversed and implanted segment of colon at 
the time of defecation cannot be explained by a mechanical stimulus 
within its lumen. Two possibilities present themselves. The first and 
most likely is that a nervous reflex involves the musculature of the 
wall of the bowel, throwing it into contraction at the time of defecation 
and resulting secondarily in stimulation of secretion of its goblet cells. 
This possibility can be supported on the basis of the histologic structure 
of the glands of the mucosa. A less likely explanation is that a nervous 
reflex involves the secretory cells themselves. Florey and others have 
demonstrated beyond a reasonable doubt that no nerve fibers reach 
these particular cells, so that this possibility receives little support. 
Furthermore, the mechanical protection of a viscous layer of mucus 
over the lining of the bowel is an efficient agent to prevent pene- 
tration by bacteria. Also, the more irritating the content of the bowel, 
the more mucus is poured out. and. consequently, the greater are the 
chances of protecting the lining of the bowel by the secretion. 
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Mucus may have some function as a regulator of absorption. In 
other words, on the right side of the large intestine fluids are con- 
tinuously being absorbed, and to aid in this process there should be as 
little mechanical barrier, such as a laj^er of secretion, as possible. It 
may be that if persons secrete large amounts of mucus, the excess 
contributes to the looseness of the stools. 

POSSIBLE SOURCES OF ERROR IN OUR EXPERIMENTS 

1. The objection might be made that functional disuse of the isolated 
portion of colon is accompanied by atrophy or degeneration of its 
tissues, which might impair its motor or secretory function. However, 
this does not seem likely. No specimens were taken for biopsy, yet 
all layers, as well as the blood and the nerve supply, were apparently 
intact, and there is no reason to believe that any change from the 
normal took place. It is true that practically all of the colon was out 
of the fecal stream, and its condensing and reservoir action was lost, 
resulting in a greater fluidity of the stool and more frequent defecation, 
as well as less complete absorption of water and possibly of some 
foods. Furthermore, the normal stimulus to the colon exerted by the 
presence of fecal matter was absent, and the amount of secretion may 
not have been similar to that obtained under normal circumstances. 
However, with the control experiments for comparison, these objec- 
tions are apparently not serious. 

2. It might be objected that washing the mucus from the isolated 
portion with a nonsolvent material such as water does not clean the 
segment completely, owing to the tenacity and adherence of the mucus 
to the intestinal wall. However, after many trials it was found that 
when the water was run through the segment three times, only small 
shreds could be obtained in subsequent immediate washings, so that 
this source of error would be small and would be the same approximately 
for each experiment. 

3. If mucus is allowed to be exposed to the drying and .shrinking 
effect of air, its volume conceivably might become markedly reduced, 
so that in a volumetric determination such as that used here the results 
would not be accurate. This objection was avoided by removing any 
accumulation of mucus which appeared on the outside between wa.shing.s 
into a test tube containing a few cubic centimeters of water. From 
this standpoint, determination of the total nitrogen in a specimen by 
the Kjeldahl method might have been more accurate; however, the 
limits of experimental error were not so closely defined as to make this 
procedure necessary. 
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CONCLUSIONS FROM EXPERIMENTS 

1. The colon constantly secretes a certain amount of mucus which 
at the time of defecation seems to be increased, and this is in harmony 
with the anatomic and histologic structure of the colon. The function 
of mucus is that of a lubricant to tbe feces. It acts as a protecting 
agent to the lining of the wall of the bowel. It has no appreciable 
digestive power. 

2. Cathartics given orally and enemas given by rectum did not 
seem to affect the amount or the rate of secretion in a loop of colon 
that was isolated from the fecal current until defecation took place. 

3. During defecation, whether this was due to cathartics or enemas, 
or whether it was spontaneous, a visible and actual increase in secretion 
of mucus took place in the isolated segment of large bowel. It did 
not seem to be due to expulsion of the mucus from this portion by 
intra-abdominal pressure alone. Tbe production of this increased amount 
of mucus seemed to be due to the increase of various t}-pes of move- 
ments of the wall of the colon itself, concomitant with the process of 
defecation, and these movements seemed to act on the goblet cells in such 
a manner that mucus was mechanically expelled. There is no evidence 
that a separate nervous reflex is involved in this secretion. 

4. Purgative drugs with drastic action, such as colocynth and castor 
oil, produced an amount of secretion which was definitely higher at 
the time of defecation and was prolonged for a greater length of time 
afterward than any of the other cathartics. This was attributed to the 
high degree of irritability of the isolated segment of colon, with its 
consequent long-continued motor activity resulting from the use of 
these drugs. 

5. Two factors which seemed to raise the normal level of secretion 
were attacks of diarrhea of indeterminate etiology and pregnane}'. Like- 
wise, the rise in the amount of secretion in the presence of these con- 
ditions, induced by defecation from catharsis, was greater than the 
usual increase when the dog was in a normal state. 

6. By isolating the colon from the fecal current and by exterioriza- 
tion of portions of the large intestine, questions of secretion, absorption, 
excretion and resorption in the colon of drugs, metals, salts, dyes and 
the like could be fairly definitely worked out. 
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In a previous report ^ experiments relating to the secretor}- activih' 
of an isolated segment of the dog’s colon were considered. This study 
concerns the motor activity of the isolated colon under the iiiHiiciicc of 
a similar series of drugs. 

The movements of the proximal portion of the colon in most ani- 
mals are both peristaltic and anti])eristaltic, and although in man those of 
the latter type have not been definitely identified, there seems to be no 
doubt of their presence. Other movements take ])lacc here, such as 
segmentation, serial sectioning, haustral changes, propulsive peristalsis 
and possibly mass movements, so that the total effect is a thorough 
mixing, kneading and churning of the content, resulting in conditions 
facilitating absorption. 

METHOD OP INVESTIGATION 

111 tin's study clogs were used, and although it is true, as many observers have 
stated, that the colon of the dog is distinctly of the type found in carnivorous 
animals and that it has little or no right segment, possessing movements mainly 
repressed by those of the distal portion, yet there is the advantage of size and 
adaptability to experimentation with this animal and there is enough similarity to 
the colon of man so that results should be fairly conclusive. Likewise, no other 
laboratory animal can be so easily trained or so satisfactorily operated on as the 
dog. Furthermore, although the cecum of this animal is very short, it was possible 
in the experiments which we shall describe to place (he balloon in this segment of 
the isolated organ, thus obtaining records which, at least partiallj’, arc comparable 
with those of animals which have a colon the proximal part of which is long and 
capacious. What survives of the colon is really the distal portion, the whole 
length of which can take part in contractile movements, having for their purpose 
complete evacuation. 

From the Division of -Medicine, the -Mayo Clinic. 

Abridgment of thesis submitted by Dr. Larson to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfilment of the reciuircmeiUs for 
the degree of Doctor of Philosophy in .Surgery. Work done in the Division of 
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1. I.arson, L. M., and Rargcn. J. .A..: Action of Cathartics on I-.olaterl Dog'" 
Colon: I. Secretory -Activit.v. .Arch. Surg., this issue, j). 1120. 
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The colon was isolated in a manner identical with that described in the stud\’ 
on secretions. Kymographic tracings were made of the movements taking place 
in this isolated segment of the colon, by the use of small balloons connected with 
a water manometer system. Prior to insertion of these balloons, a large, no. 24 
French, soft rubber catheter was inserted through the segment and was allowed 
to remain there for several weeks before the c.\periments were started, and likewise 
between e.xperiments this catheter was kept in place in the isolated segment. 
Because the rubber tube was approximately the same size as the balloon system 
used, it had an effect similar to that of the distending force being constanth' present, 
thus accustoming the colonic segment to this type of foreign body and tending to 
make its movements on balloons as nearly normal as possible. To correlate 
activities in the distal and proximal portions of the large intestine, a set of three 
balloons was used : one in the most distal segment, another in the most proximal 
segment and a third midway between the other two. 

Female dogs were selected for use, mainly because they are much more easily 
trained to lie quietly for long periods than are males. In some instances, con- 
tinuous recordings were made over a period of from eight to ten hours, so that 
the capacity of an animal to be trained was a factor of importance. After the 
lapse of a few weeks the animal would defecate on a specially prepared table 
without disturbing the recording apparatus and without moving about, so that 
tracings were obtained before, during and after the act under normal or nearly 
normal conditions. Similar!}', keeping the large catlieter in place before and 
between e.xperiments aided in accustoming the bowel to the balloons and reduced 
to a minimum any tendency to abnormal reactions. Another factor of distinct 
advantage in this preparation, which made for the maintenance of normal conditions, 
was the accessibility of the segment without previous cleansing or irrigations such 
as would be necessary in using the colon through which the fecal current was 
passing. Preliminar}' manipulation was found to have a definite influence in the 
stimulation of movements, as could easily be demonstrated in the isolated segment 
of the colon by irrigations prior to experimentation. 

FIXDIXGS AXD results IX THIS SERIES OF EXFERIJIEXTS 

In recording movements in the isolated seginent of the large intes- 
tine, care was taken that the balloons each time should be in precisely 
tbe same place. This was especially important regarding the proximal 
portion, where the cecum is extremely short so that with onh' small 
displacements the balloon might be pushed through into the colon beyond 
and what little cecum the dog has would not be utilized. The contrac- 
tions in the cecal segment were found to be considerably different in 
character from those of the other portions of the large intestine from 
which records were made. 

Types of Moz’ctncitfs. — ^Movements in the proximal, or cecal, seg- 
ment of the colon can be divided into three types, as illustrated in tbe 
accompanying tracings. First are the large tonic waves, variable in 
amplitude and duration, but ordinarily appearing from six to eight 
times an hour and lasting for about five minutes. These could be 
elicited at any time Iw sufficient distention foverdistention) of the 
cecal balloon (fig. 1), when they appeared in most rapid succession 
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and readied the highest level. These large tonic waves frequently 
slowed down during sleejiing or after fasting, but as a rule they were 
remarkably regular and even and were little influenced by outside fac- 
tors. Surmounting the large tonic waves was a smaller, similar tj^pe 
of movement, designated as small tonic waves. These represented a 
moie rapid type of movement, with a rate of from five to six in four 
minutes, and comparable in time, contour and duration to motions in 
the distal segment. This type of wave was well illustrated in the 
experiments with mild mercurous chloride and senna, in which con- 
siderable stimulation of movements took place. Superimposed on the 
small tonic waves were short, rapid contractions, appearing from eight 


Hormal 



Fig. 1. Tonic waves of the cecum and normal quiescence of the middle and 

distal parts of the colon. 

to ten times a minute. These movements were almost always present, 
were rnarkedl}^ uniform in amplitude and duration and apparently were 
seldom transmitted to the distal parts. Even with marked stimulation 
of the cecum, in which high tonic waves were elicited, no activity of 
consequence could be initiated in the distal portions of the segment. 
These small contractions, in fact, seemed to be the only movements that 
were normally present in the colon, except during the act of defecation, 
when the entire organ participated in evacuating its content. These 
small contractions may be concerned in the mixing and churning func- 
tion of the cecum, and may or may not be antiperistaltic. This point 
is considered elsewhere in this paper. 
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Activity transiiiitteci !)y the niidclie and distal halloons was dis- 
tinctly similar in character and to a certain degree was classifiable as 
in the proximal or cecal segment. In this scries of e.xperiments it was 
noted that the distal portion of the colon was normally almost com- 
pletely quie.scent (fig. 1); only small, almost unnoticeable movements 
were present, and these were similar, as transmitted by the two distal 
balloons. .Activity resembling that recorded bv other authors took place 
only after stimulation, such as overdistention of that region, various 
reflexes and defecations. Overdistention of the segment of bowel by 
slightly raising the pressure within the distal balloons resulted in a 
stimulation of movements. These movements continued to a variable 
extent, depending on the strength of the stimulus, but the greater the 
stimulus, as a rule, the more irregular the movements. .Activity of 



Fig. 2. — .A.ctivity following the administration of syrup of rhubarb. It con- 
tinued for slightly longer than the normal time (i. e.. from twenty to thirt}' 
minutes elapsed before the middle and distal portions returned to normal). 


the proximal part of the colon extended into the distal part only at 
rare intervals, and then it could be progressively followed through the 
middle part to the distal part, with a definite delay before reaching the 
latter. The delay was not present so much during normal processes 
as it was after catharsis such as that caused by colocynth and syrup of 
rhubarb (fig. 2). .After defecation a definite delay could be noted in 
the analh' directed movement. Xo such delay could be demonstrated in 
waves going in an opposite direction; in other words, orally directed 
Or antiperistaltic movements could not be definitely proved to be present. 
Changes in tonus in the distal segments, unlike those in the proximal 
segments, were less frequently seen and were less pronounced, although 
they appeared fairly constantly after stimulation of this region. 
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file piii7cipal movements in the distal parts of the isolated segment 
of the colon were rather high tonic contractions, coming at a rate of 
from five to six in four minutes, but not necessarily related to or 
timed with the waves of a similar t 3 'pe in the proximal segment. These 
were more frequently transmitted from the middle balloon than from 
the more distal one; in the more proximal region the^^ were initiated 
\\ ith greatei ease and continued a little longer after thej^ were started 
than in the distal region. From this it would seem that the irritabilitj', 
or the gradient, is higher more proximally in the colon. It was also 
noticed that large changes in toims in the middle and distal segments 
seemed to represent a higher degree of irritability than the small changes 
in tonus alone, for the distal balloon never became quiet until all large 
tonic waves had disappeared for some time from the middle segment. 
This seemed especiall}'^ true when stimulation of movements had been 
induced by catharsis. As in the proximal segment, small, rapid con- 
tractions were likewise present during periods of activit}" of the entire 
large bowel. It could not be determined accurately whether these had 
been transmitted from the proximal segment, although the evidence 
seems to point against this, as the movements were independent and 
localized to the region from which recordings were made. 

The most common type of movement found in the colon of the dog 
is no doubt a pulsating type of wave in which the entire organ contracts 
systolically as a single unit. This seemed to be the usual type of 
activity present. It was less frequently seen when irritability of the 
large intestine was increased by the administration of cathartics. With 
the use of the latter, a peristaltic t^'pe of movement was usually elicited, 
and no doubt had its purpose in the attempt at elimination of the drug. 
However, even during the normal response to stimulation in which 
systolic pulsations resulted, there frequently were transitions of this 
type of movement into the peristaltic waves. In the pulsating type 
of movement, the cecal portion of the colon rarely took part, continuing 
with its usual rapid type of activity and being influenced very little by 
happenings elsewhere. 

The waves which were peristaltic in nature and which apparently 
were transmitted through the colon were mostly the small, tonic con- 
tractions surmounting the large tonic changes. They could be followed 
through all three balloons, with a delay of from ten to fifteen seconds 
between each two waves. These waves were most frequently directed 
analty, but at times it seemed as though a few traveled orally, although 
this could not be definitely established. It is rather unlikely that reverse 
waves ever reall\- appeared. 

The small, rapid waves of the cecum were frequenti}" simultaneous 
with similar contractions in the other parts, and they could not be 
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seen to be transmitted with a delay anahvard ; in other words, these 
waves also occurred as pulsations of the entire organ. Their rate on 
the average was five or six to one wave in the middle or distal part, 
and it may be that summation of these contractions is responsible for 
the changes in tonus in the distal parts. If this is the case, it would 
be difficult to classify these movements as peristaltic; more likely they 
are the result of a local stimulus or of the summation of the smaller 
movements. It is no doubt true that man}’ of these waves were entirely 
localized, having no effect on, and not being affected b}-, movements in 
other parts of the colon. Frequently, an inhibition in tonus was present, 
and was most marked in the balloon nearest the distal opening of the 
colon, apparently jumping the middle portion. Occasionally it was 
noted that during periods of activity of all parts of the isolated seg- 
ment contractions in one part seemed frequently to be associated with 
depressions in tonus in another part, and this at times suggested a true 
inhibition, but the relation to peristalsis was not always uniform regard- 
ing time and amplitude. 

Contractions in the distal part of the colon of the dog apparently 
bear considerable similarity to those of the corresponding segment in 
the colon of man, according to studies made by Hines, Lueth and Irw.- 
These investigators inserted balloons into the sigmoid flexure and 
rectum in normal and in constipated persons, and obtained tracings 
which are almost identical with those recorded from the middle and 
distal parts in our study. 

The Gastrocolic Reflex . — The distal part of the colon, as has been 
explained, is most frequently quiet, becoming active usually only when 
stimulated by various reflexes, distention and the like. Occasionally a 
tonic wave in the cecum will progress anally far enough so that a peri- 
staltic type of movement traverses the colon, but much more frequently 
the movements of the two sides are independent of each other. In the 
present study, one of the easiest methods of producing active move- 
ments in the distal part of the isolated segment of the bowel was to 
elicit the so-called gastrocolic reflex. This was best accomplished after 
causing the animal to fast for a1)out twenty-four hours and at a time 
when the bowel was likel}- to be full of feces. At the time of its usual 
feeding, the dog was given a portion of fresh meat, and invariably the 
results were as follows : Within one or two minutes the tonus of the 
cecum fell considerably, and its movements became almost completelv 
diminished for a period of two minutes; then they reappeared with 
slightly increased force and amplitude. At about the same time, the 

2. Hines, L. E. ; Luetli. H. C. and H-j-. .■\. C. : }ifotiIity of tlie Rectum in 
Normal and in Constipated Subjects. Arch. Int. ^fed. 44:147 fjuly') 1929. 
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tonus of the middle part became elevated, and was accompanied by small, 
lapid, superimposed contractions. In another sixty to ninety seconds, 
short, rapid waves were transmitted from tlie most distal balloon, and 
these were siqierimjroscd on small changes in tonus, which became 
increasingly greater in^ amplitude and were finally recorded as large, 
strong contractions. These movements in the middle and distal parts 
then slowly diminished until the colon became perfectly quiet, in the 
same order as they had appeared, the whole process taking froin fifteen 
to twenty minutes. It was noted that usually the most distal balloon 
was the slowest to become active, but its contractions were consider- 
abl}' stronger after once becoming started (fig. 3). 

Defecation . — Striking differences in colonic motor activity were 
found between the normal act of defecation and that following the use 



Fig, 3. — Initiation of activity in the middle and distal segments of the colon, 
lasting from twenty to twenty-five minutes, a rise iji tonus of the cecum and 
greater irritability of the middle than of the distal portion. 


of drugs. In defecation, as it took place normally, the cecal and distal 
parts of the isolated segment of the large intestine were in their cus- 
tomary state of activity, consisting of small, rapid contractions in the 
cecum, with changes in tonus, accompanied by practically no activity 
in the parts where the two distal balloons la)'. That is, the i.solated seg- 
ment did not seem to take part in the act of evacuation. Hou'cr'er, when 
the dog began to strain, the tonus of the cecum usually rose consider- 
ably (fig. 4), and practically always its movements stopped until strain- 
ing ceased (until defecation was completed). Activity continued in 
the distal part for variable lengths of time, but in the normal response 
for not more than from fifteen to twenty minutes, while the cecum 
went on with its usual contractions. General!)-, slowing of activity was 
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first noticeable in the record made by the most distal balloon, and this 
was likewise true in the case of the disappearance of tonic waves, with 
those in the cecum noticeable the longest. i\Iany attempts were made 
by abdominal pressure, in most cases exerted longer and with greater 
force than is occasioned by defecation, to elicit a response similar to 
that just described accompanying defecation, but each attempt was 
unsuccessful. 

The salines, magnesium or sodium sulphate, given in the same man- 
ner and with the same dosage as described for the experiments on the 
secretory mechanism of the colon, produced results which resembled 
the normal process more closely than did those of any of the other 



Fig. 4. — With straining incident to defecation, a considerable rise in tonus is 
recorded by the distal balloon. .A.ctivitj- in the isolated loop is first noted in the 
middle segment and then in the distal segment, but it does not last more than from 
five to seven minutes. 


cathartics. The outstanding variation from the usual type of activit}' 
with spontaneous defecation was the increased length of activity in the 
distal and middle parts of the isolated segment of the colon. With the 
saline laxatives this activity lasted for from eighteen to twenty-eight 
minutes, rarely an\- longer, before complete quiescence was resumed. 
Pbenolphthalein falls in a similar class, continuation of movement in 
the isolated colon taking place for from twenty to thirty minutes : with 
syrup of rhubarb (fig. 2). the reaction was not much different, requir- 
ing from twenty-four to thirW minutes for a return to normal. ]\Iild 
mercurous chloride and senna were longer in their action, and it took 
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from seventy-five to ninety-five and from fifty-five to seventy minutes, 
respectively, for a complete return to a quiescent state. Lastly, castor 
oil and colocynth (fig. 5) apparently had points in common. After the 
administration of castor oil, it was found that many hours were required 
before the activity in the segment quieted down enough to be classed 
as normal, and even twenty-four hours later the increased irritability 
^yas piesent. Apparently nothing would quiet the segment until elimina- 
tion of the drug had taken place. Forty-eight hours after defecation, 
howei'er, the segment returned uniformly to a normal state of quiescence. 
The irritant action of colocynth was even more pronounced ; it was not 
until three days after the administration of the cathartic that the distal 
portion of the segment regained a normal state. Colocynth also pro- 
duced a characteristic reaction immediate!}' after defecation, consisting 



Fig. 5. — Long-continued activity following the use of the irritating drug 
colocynth. Even forty-eight hours was an insufficient time for the segtnent to 
return to a normal state. 


in a marked elevation of tonus in the two distal portions of the seg- 
ment of the colon, accompanied by large waves which continued for a 
considerable length of time. This was entirely different from the after- 
results of other cathartics, and no doubt demonstrated the increased 
irritability produced by this drug. 

It was found that after the rectal injection of tap water in quanti- 
ties of from 100 to 150 cc. defecation was followed by approximately 
the same type and length of activity as that resulting from normal 
emptying of the bowel.’ Complete cessation of activity in the cecum 
attended insertion of the catheter through the anus. The cecum 
remained quiet until the tube was removed ; then movements were 
resumed, similar to those which had been present before they had iiecn 
stopped. Rectal distention by means of balloons, using 15 cc. of air. 
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was accompanied by the same results. Sometimes a lapse of sixty sec- 
onds or more took place before contractions reappeared, but when they 
reappeared, they seemed to be just the same as they were when they 
left off, no change having taken place during the interruption. This is 
in agreement with recent work by Lawson and Templeton,® who studied 
the effect of raising the pressure in A'arious parts of the colon on the 
movements elsewhere in that organ. They obtained definite depression 
in tonus and activity in the proximal part of the colon when balloons 
were inserted into the distal part, and this is represented by kymo- 
graphic tracings which are almost identical with those found in the 
present study (fig. 5). 







Vomi+ed 




Fig. 6. — Effect of vomiting on the isolated segment of the colon. Apparently 
there was some activity (reverse peristalsis) in the middle portion of the segment, 
preceding vomiting. There was considerable stimulation of movement after 
vomiting. 


A Stud)' of the gastrocolic reflex under the influence of laxatives 
showed that the reflex was most marked and lasted longest several hours 
after a cathartic had been given, but before defecation had taken place. 
This was especially true after the use of irritant drugs such as castor 
oil and colocynth, and was less after the others (fig. 2). After defeca- 
tion there was seldom much of a response with the ingestion of food 


3. Lawson, H., and Templeton. R. D. : Studies in Motor .-Activity of the Large 
Intestine: Influence of Balloon Technique Upon Colonic Mobility, .■\m. J. Physiol. 
99:87 (Dec.) 1931. 
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until about twenty-four hours later, and then it was elicited with its 
usual intensity. It would seem from this evidence that the bowel 
responds best when it is full of fecal material. 

Various other stimuli were aj)])licd to the isolated segment of the 
large intestine. The injection of 50 cc. of ice water into the middle 
of the loop over a jieriod of two minutes by means of the arrangement 
described, without disturbing the balloons, resulted first in a fall of 



Fig. 7. — Effect of the subcutaneous injection of 1 mg. of solution of pituitar> 
on an isolated segment of the colon. There was mild stimulation of movements 
in the middle portion, but little change in the distal portion. 


tonus with cessation of the movements of the cecum (fig. 6)- This was 
followed shortly by fairly large and rapid tonic waves in the cecum, 
with superimposed rapid contractions, and also by movements of mod- 
erate amplitude in the middle segments. In the distal balloon, no move- 
ments appeared, indicating lessened irritability in the portion and 
demonstrating that the threshold for activity had not been reache 
The effect of cold on the colon in these experiments demonstrates t le 
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difficulty in using solutions of low temperature for enemas. Because 
of the distress caused, very small amounts can be injected and very little 
can be retained, whereas much larger amounts can be utilized if the 
solution is warm, as illustrated in the following experiments. Fifty 
cubic centimeters of wann water (44 C.), injected similarly, had a 
definitely relaxing and sedative effect, which was noted by a fall of 
tonus in the cecum and by cessation of movement in the various parts. 



Fig. 8. — Subcutaneous injection of 1 mg. of acetylcholine had an effect some- 
what less than that of solution of pituitary but similar to it. 


Tap water at body temperature, no matter how long or how much was 
injected without producing distention, seemed to have no effect on the 
movements in any portion of the loop. 

Movements could, of course, be stimulated readily by mechanical 
means, such as pinching and pricking. 

To determine the effect of psychic stimulation, if any. on the move- 
ments of the large intestine, such as is often said to follow fright and 
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other emotions, a cat was suddenly dropped on the dog while the latter 
was asleep. Some struggling ensued, and soon movements appeared 
in the middle portion, but no sign of activity appeared as a rule in 
the distal portion. The cecal contractions continued as previously. 

Several drugs were used in attempts to stimulate activity in the 
isolated segment of the large intestine. Solutions of pituitary and 
acetylcholine, given subcutaneously, increased the activit}^ in the middle 
portion to a moderate degree, but had little or no effect in the distal 
portion. On the other hand, an aqueous solution of 20 per cent sodium 



Fig. 9 . — Intravenous injection of 10 cc. of a 20 per cent solution of sodium 
chloride resulted in a stimulation of movements greater than that with solution 
of pituitary or with acetylcholine. These movements were especially marked in the 
distal portion of the colon. 

chloride markedly increased the movements in both distal balloons (figs. 
7, S and 9). 

COJIMENT 

An isolated segment of the colon is anatomicall}" and functionally 
like the normal colon. This has been demonstrated not only by observa- 
tion of the living isolated viscus. but by careful gross and histologic 
stud}" of the exteriorized organ after death. 
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The marked difference in activity of the cecum and of the rest of 
the colon is striking. The cecum seems constantly active, with mixing 
and churning, probably for the important function of absorption. 
Besides this, the cecum by its activity tends to retain its content until 
the consistence of the feces is such that the mass will acquire form. 
In the distal part of the colon, the most frequent movements are s3"stolic 
pulsations and not peristaltic waves, and the relation of this to its almost 
complete inactivity is noteworthy. The chief function of the distal 
portion seems to be propulsion of the fecal content toward the rectum. 

Two possibilities concerning the nature of impulses stimulating 
activity in the colon during feeding present themselves: 1. A hormone 
of the gastric mucosa liberated b}' feeding may stimulate the colon 
through a humoral mechanism. The shortness of time between feeding 
and the colonic activity would make this unlikeh". 2. Impulses ma}* be 
transmitted over the mesenteric nen-es. This, which was suggested by 
Alvarez,^ is the more likely explanation. 

Probabl}- the best explanation for activit}- appearing in the isolated 
segment of the colon after defecation, instead of simultaneoush' with 
it, or even beforehand, rests on the idea of a gradient as conceived by 
Alvarez and Stark\veather.® In the process of evacuation of the colon, 
the gradient of irritability of the lower end (anal) is steepened, and 
therefore its susceptibilit}- to stimuli is increased. Before defecation 
there were no movements in the t^vo distal balloons, but after evacua- 
tion of the bowel, the gradient of irritability was raised, so that the 
threshold for stimulation was lowered and the balloons were sufficiently 
large to stimulate the segment of the bowel into activity. Further sub- 
stantiation of this explanation can be found in the fact that in the 
presence of a gradient the most distal part of the colon would be the 
least irritable, and this was true. On injection of hot or cold water into 
this segment, the greatest effect was on the cecum, less on the middle 
portion and the least on the most distal portion. This was similarh- 
true concerning the effect of psjxhic stimulation. This explanation 
also accounts for the variable lengths of time during which the cathar- 
tics stimulated the isolated segment of the colon. In normal defecation, 
in which the gradient after the act was immediately returned to its 
usual level and the threshold was again raised so that movement ceased, 
this actually seemed to be the case, because activity continued for a much 
shorter time than following the use of any of the cathartics. Enemas 
of tap water and the saline purgatives, which are known to have little 

4. Alvarez, W. C. : The Mechanics of the Digestive Tract, ed. 2, Xew York, 
Paul B. Hocber, Inc.. 1928. 

5. .\lvarez, tV. C. and Starkweather. Esther: XVII. The Metabolic 
Gradient Underlying Colonic Peristalsis. Am. J. Physiol. 47:293 (Dec.) 1918. 
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or no irritative action, produced the least amount of activity of any of 
the drugs. With the slightly more irritant cathartics, such as syrup of 
rhubarb and phenolphthalein, the activity produced was of longer dura- 
tion, and with mild mercurous chloride and senna the effects were still 
more prolonged. When colocynth and castor oil were used, the activity 
continued for as long as three da3’’s, indicating that these drugs may 
cause generalized irritability of the entire gastro-intestinal tract. 

Increased motor activity of the colon seemed to be intimately related 
to increased secretion of mucus, suggesting that irritants such as we 
used in these experiments either stimulated both motor and secretory 
mechanisms alike or acted on a single mechanism controlling both of 
these functions. 

SUMMARY 

Studies were made on the isolated colons of dogs. The operation 
to isolate the segment was performed in two stages, and complete heal- 
ing was allowed to take place, thus making possible observations of 
conditions which closely approached the normal, because no anesthesia 
was necessary and operative trauma was not present. It was found 
that the most common motor activit}'- of dog’s colon consists in con- 
tinued rapid contractions of the cecum at the rate of from eight to ten 
a minute and systolic pulsations of the distal portion at the rate of 
about six in each four minutes. However, the latter segment was usuallj' 
found to be quiet, except during and following defecation, vomiting 
and reflex stimulation. Respiration did not seem to influence the move- 
ments. Even the small cecum in the dog seems to have some function. 
At times a peristaltic type of movement was noted, but this was present 
only after catharsis, and seemed to represent an attempt to eliminate 
the drug. There is definite evidence of a gradient in the production of 
movements such as those brought on with psychic, thermal or other 
stimulation. When movements wei'e initiated the}^ were gi'eatest and 
most easily brought on in the cecum, less easily in the middle portion 
of the colon and least easily in the distal portion. Likewise, the cecum 
contracted normally at a relatively rapid rate; the middle portion, less 
activel}'’, and the distal segment with the slowest action. This was also 
true in the effect of catharsis ; the distal portion continued to be motile 
for the shortest time, and the cecum for the longest. 

The gastrocolic reflex, better called the feeding or appetite reflex, 
was easily demonstrated and probably takes place through the mesenteric 
nerves. It depends to a certain extent on an adequate bulk in the 
colon and on an empty stomach. In man, this reflex is commonly 
absent, and this may be of etiologic significance in chronic constipation. 
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In a similar manner, receptive relaxation of the large intestine takes 
place after feeding, and. as a corollary, early emptying of the stomach 
favors early evacuation of the ileum and thus indirectly influences the 
emph-ing of the colon. These various reflexes indicate a delicately 
balanced mechanism resulting from reciprocal innervation throughout 
the digestive tract. External and internal factors, such as drugs and 
chemicals, mechanical, thermal and electric stimuli, various reflexes and 
nerve centers demonstrate a high degree of dependence of the alimen- 
tar}" S3-stem not only on its own function.^, but on the entire bodily 
mechanism as well. 
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KIDNEY 

Invasion by Fat . — Young ^ described 11 cases of invasion of the 
kidney by fat, or replacement lipoma. In the first case, invasion by fat 
occurred in the absence of infection, p 3 ajria and nephrolithiasis. In all 
cases there was an increase in perirenal fat, which was firmer than nor- 
mal and surrounded the pelvis, entering the hilus around the vessels and 
pelvis and following the infundibula into the kidney. The pelvis was 
always embedded in fat, and in some cases was completely obliterated. 
In 2 cases, not associated with lithiasis, atrophy of the kidney had pro- 
gressed to a remarkable degree. In the other cases, atrophy of the renal 
substance had occurred around the fatty replacement. 

Young stated that replacement lipomatosis is related to the process 
commonly known as autonephrectom^c Most extensive fatty invasion 
has occurred in completely obstructed kidneys. Atrophy of renal 
substance might be secondary to replacement by fat and cutting off of 
blood supply. Replacement lipomatosis is important clinically because 
the condition has been mistaken for renal neoplasm. 

Young stated that true renal lipomas are rare, and usually are small 
and yellowish. They are found as encapsulated nodules, in the cortical 
layer. They result from rests of fatty tissue which have become 
included in the kidney during embryonal life. Replacement lipomatosis 
possesses none of these characteristics. 

1. Young, H. H.: Lipomatosis or Destructive Fat Replacement of the Renal 
Cortex, Tr. Am. A. Genito-Urin. Surgeons 25:105, 1932. 
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Gridnev - stated that the formation of a fattj* tumor in place of the 
renal parench}mia is of rare occurrence. He was able to find reports 
of only 39 cases in the literature. He reported the case of a man. 
48 years of age, who had had fever of three months’ duration. Two 
weeks before Gridnev saw him, the man had noted a painful swelling 
in the left flank. The urine was verv cloudy. The patient was fat, and 
the swelling was painful. Without cystoscopic study, a diagnosis of 
pyonephrosis was made, and transabdominal nephrectomy was carried 
out. The tissue weighed 800 Gm. and measured 11 by 17 cm. On 
cross-section, the remains of calculous p3'onephrosis, completely set in 
fat, were found. The case proved to be one of replacement lipomatosis. 

Gridnev stated that the perirenal fat occurs in three formations in 
these tj’-pes of cases : First, the fat pushes into the kidney through the 
hilus, so that the pehas is covered with fat and the fatt}- tissues 
penetrate between the columns of Bertini and gradual^ replace the 
parench3TOa; second, this form, which embraces most of the reported 
cases, originates through the, concentric formation of the fatt3' capsule, 
and takes the place of the destro3’-ed parench3’-ma ; third, in this group 
the renal parench3-ma is pressed on from within as well as from with- 
out. All these formations eventually lead to complete replacement of 
the kidney by fat. The present theor3- as to pathogenesis is that the 
fatty change of the kidne3" and intense renal infection, with concurrent 
atroph3", simultaneous. However, the real reason for the fatt3’- 
replacement is still unknown. 

[CoATPiLERs’ Note. — Replacement of the renal parench3-ma b3’’ fat 
is rare. This substitution had been variousl3' designated in the literature 
as lipomatous nephritis, lipomatous paranephritis, lipoma diffusum 
renis, lipomatosis renis, fatty transformation of the kidne3'’, fat replace- 
ment of the kidney and fatt3^ degeneration of the kidne3'. These terms 
are more descriptive of the stages of the pathologic anatomic process 
in which the entire parench3-ma of the kidne3’- ma3' have disappeared. 
In the earlier stages in which the changes have not as 3^et occurred in 
the hilus and polar regions of the kidney, the term lipomatous para- 
nephritis is considered more descriptive. The condition is usualh- classi- 
fied with the various forms of paranephritis. The fat ma3' either 
surround the kidne3^ or limit itself to individual portions. It ma3' even 
involve the ureter, assuming huge proportions. The replacement bv 
fat usuall3- parallels tlie renal process of atroph3-. 

Kutzmann reported 33 cases and suggested the term “replacement 
lipomatosis.” He noted tliat there are essentially t^vo groups of 
obseia-ers as to pathogenesis ; a minorit3- considers that the primar3' 

2. Gridnev, A. : Ein Fall von sogenannter Fettumwandlung der Xiere. Ztschr. 
f. Urol. 35:180, 1932. 
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growth arises from the fatty capsule, while coincidentally the fat of 
the hilus forces its way into the kidne}'-, causing secondar}'- atrophy. 
The majority, however, hold that the replacement by fat is secondary, 
and that the atrophy is of primary importance. To support the latter 
view, it has been pointed out that at times retroperitoneal lipomas 
assume huge proportions, surrounding and pressing the kidney on all 
sides and yet causing no destruction or atrophy of the renal parenchyma. 
If the fatty growth were of a primary nature, histologic examination 
should reveal traces of renal tissue, but this has never occurred. 
Between the fatty tissue and the remaining atrophic parenchyma there 
is usually sharp division. Calculous disease and especially infection 
appear to be the important factors. Analysis has disclosed calculous 
disease in 80 per cent of cases. The end-result is usually pyonephrosis. 
The presence of calculi and the chronicity of the infection may result 
in proliferative and invasive power of the already hyperplastic peripelvic 
fat above the renal hilus and invasion around the large vessels. Treat- 
ment is directed to the associated pathologic changes and is usually 
nephrectomy. The replacement by fat usually remains undiagnosed 
until pathologic examination, since there are no pathognomonic findings. 
The kidneys in these cases are generally painful, badly infected and 
functionless.] ' 

Sequelae by Stone . — Scholl ® stated that if renal stones are not 
removed, secondary infection, urinary obstruction and destruction of the 
renal parenchyma are not unusual. But another element, not so gener- 
ally known or recognized, may also enter into the consideration of opera- 
tion in these cases; that is, prevention of carcinoma. 

There is a definite connection beAveen gallstones and carcinoma of 
the gallbladder, and this same association also appears to hold true in 
regard to renal stone and certain types of malignant tumors of the 
kidney, especially squamous cell tumors. Not infrequent!}'-, in cases of 
renal tumor, the history suggestive of malignancy is of comparatively 
short duration, whereas symptoms of stones or infection have been 
present for many years. In a large percentage of cases of squamous 
cell tumor of the kidney there is a long-standing histoty of trauma 
and infection; at times the early history suggests the formation of 
stones. 

Scholl explained that definite symptoms suggestive of this type of 
growth are lacking. Bleeding is comparatively rare, the growths differ- 
ing in this respect from papillary growths of the renal pelvis. In some 
cases distention of the renal pelvis and the size of the tumor are amaz- 
ing, usually the result of gradual, slow occlusion which often is almost 

3 Scholl, A. J. : Squamous Cell Tumors of the Kidney Associated with Slone, 

Tr. Am. A. Genito-Urin. Surgeons 25:51, 1932. 
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painless. At times the pain wliich the patient lias had intcrin: 
years increases and is more persistent, or it becomes conslaiu, 
a change in tlie pathologic conditions present. Once a • 
occurred, the outlook for the patient is very jioor. 

Scholl reported 2 cases; the patients were both woni'u, 
histories of renal S 3 -mptoms of long standing. In both . 
was of such a rapidly growing malign^ant type that it is iinjjr.- 
it was present for more than a relatively short time. In j 
the author found the stone associated with the sciuamoiis r. 
and he thought that possibly they were the causes of tla- 
was obviously impossible to state at what time 'the canecro- 
started. In the majority of cases reported, stones have I 
for a long time, probably long before the onset of tlie in-'d--' 
tion; early removal of these stones might have prcvciiO' 
of the growth. 

Comparison of the excellent results, the simplicity f 
and the low operative mortality following removal (, 
renal stones, with the rapidly fatal outcome after the 
secondary tumor, justify the author in suggesting tliai 
renal stones should be removed as early as possible ; tbi-. 
not only because it relieves pain and prevents destrtictio* 
but also because in some cases, such as those descriljcd •' 
the formation of a malignant tumor. 

Anomaly of PefoA.— Papin * reported a case o: ' 
pelvis in a man aged, 40i "^th stenosis of the large 
opened into an abnormal upper calix. The first syin 
attack of pain in the right lumbar region, lasting ^(.yf 
followed a year later by tivo similar, more sf-jy, 
several days, and accompanied by hematuria. Betv/f;i 
was merely a slight permanent sense of discomf,^ 
third attack, a pyelogram of the right side wa.i; 
was found, continuing upward into a large and grr-" 
calix into which opened the greatlj^ dilated pj. , 
markedly contracted orifice. After exposing tfif. 

V-shaped incision in the two calices, prolongijjj, , 
creating a wide anastomosis between the calicf.,’ 
uneventful recovery, and had had no further . 
that had elapsed since the operation, 
the case is unique in the literature on urology 
the anastomosis very high, just below tlic x-; 
procedure a difficult one. The operation if,/' 

4. P.ipin, Edmond: Sur un cas dc bassinci J.- 
oilice infericur : .•\na5tomose dcs deux grands catV,” ' ' 
urin. 7 : 199 , 1933 . 
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more or less varied and ingenious methods that have been proposed and 
executed in cases in which there have been small hydronephrotic sacs. 

Horseshoe Kkhwy.—Gutkvrcz^ concluded, after a study of horse- 
shoe kidney based on 25 cases, that this common congenital malformation 
is responsible for a definite clinical eritity to which has been given the 
name “horseshoe kidney disease.” The clinical manifestations of horse- 
shoe kidney are due to the prominent position across the median line 
occupied by this anomalous kidne}'. The pressure of the organ on 
the great abdominal vessels, the celiac and lumbo-aortic plexuses, and the 
sympathetic and parasympathetic nerves ivhich run along near the 
median line constitutes sufficient cause for a long-standing complaint. 
The threefold clinical expression consists in ; first, intennittent attacks 
of indefinite abdominal pain, referred chiefly to the epigastric or umbili- 
cal region ; second, marked chronic constipation, with or without gastro- 
intestinal disorder, and third, urinary disturbances with early signs of 
chronic nephritis. 

In many instances permanent cure or relief from symptoms cannot 
be obtained without surgical division of the isthmus by symphysiotomy. 
Although it appears that horshoe kidneys do exist without causing s}anp- 
toms, the fact remains that pi'actically all persons with this anomaly 
who come for examination come because they are suffering with some 
chronic renal disease, due chiefly to the abnormal position of the fused 
organ and its excretory apparatus. 

In Gutierrez's series of cases, the condition in 4 was found at 
postmortem examination and in 2, at operation; in 19 the diagnosis was 
made preoperatively by urologic and urographic methods. In all the 
cases there was much unknown and unsuspected pathologic change. 

Horseshoe kidneys fall anatomically into two main groups: the 
symmetric and the asymmetric. The first of these, which alone is con- 
sidered here, comprises two types; (1) kidneys fused by the lovyer 
poles and (2) those fused by the upper poles, the former condition 
being by far the most common. In either case, the fused organ is 
astride the spinal column at about the level of the third and fourth 
lumbar vertebrae, with all the characteristics of a horseshoe as regards 
its fonn. As a rule, the isthmus is composed of genuine renal 
parenchyma, and is seldom a band of fibrous tissue. In the usual type 
of horseshoe kidney the pelvis is anterior to the blood supply of the 
organ, with the ureters running before, and at times perpendicular to, 
the isthmus, and hence parallel to the vertebral column. 

Before the era of pyelography, horseshoe kidney was found chiefly 
at necropsy, about once in 1,000 subjects. In the two decades of 

5 Gutierrez, R.; The Clfnical Management of Horscslioc Kidney, Am. J. 
Surg. 14:657 (Dec.) 1931; 15:132 (Jan.) 1932; 15:345 (Feb.) 1932. 
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systematic urologic examination, the ratio has risen to 1 in 400, and 
in any active urologic service it may be discovered in as high a propor- 
tion of p3-elograms as 1 in 100 or 200. It is important to classify these 
cases into two groups : the cases in which, except for the anomal}', the 
kidney is normal but gives clim'cal symptoms, and the cases in which 
the kidney, in addition to being anomalous, is otherwise pathologic. 

It is probable that fusion of the two organs occurs between the 
fifth and seventh weeks of embrj'onic life, as the result of some 
mechanical obstruction interfering with the normal upward migration 
and inward rotation of the two kidne3-s. Horseshoe kidne3-s are nearh' 
always ectopic, and the3’ retain the marked lobulation and furrows of 
the fetal organs on the anterior surface. The posterior surface is 
generall3" smooth, with a furrow in the isthmus formed b3’' the passage 
of the great abdominal vessels. The hilus and the excretor3' apparatus 
are almost always \"entrall3- and inward^-^ placed. 

The organ, as a rule, is fixed, and it is the deep incarceration of the 
isthmus in the surrounding structures that is responsible for the clinical 
S3-ndrome, The calices and pelves are markedly irregular in size, shape 
and position. Urographic studies reveal a peculiar, characteristic 
arrangement of the calices, especial^ the lowermost calices, in reverse 
position, looking inward toward the spinal column. The high implan- 
tation of the ureters results in mechanical obstruction at the uretero- 
pelvic juncture, causing compression of the abdominal content hy the 
overh'ing structure, resulting in retention, h3’dronephrosis, p3’elone- 
phrosis, and other renal diseases. Concomitant anomalies of other 
organs are very common. 

The topographic relations of the blood, neiwe and h'mphatic suppl3" 
have great significance here. The blood supply is nearl3’’ always 
anomalous, forming a network that contributes largeH to the main- 
tenance of the position of the organ. The intricate network of the sym- 
pathetic and paras3TOpathetic nen^es is responsible for the earty 
nenmus irritabilit3% the continuous pressure of the weight of 
the isthmus on the exquisitel3' sensitive celiac plexus resulting in 
sudden pain and gastro-intestinal disorders. Obstruction of the 
h'mphatic circulation b3’ the pressure of the horseshoe kidne3' pla3’S 
an important part in producing stagnation of Hmph, resulting in 
S3’mptoms of infection and disease of the organs of the retroperitoneal 
space. In addition, the parietal peritoneum lies directl3’ on the isthmus 
(which lacks the perirenal fatt}' capsule) and is adherent to its 
anterior surface as well as to its excretor}' apparatus. Under these 
conditions, the intra-abdominal pressure and the weight and close 
relations of the organs bound together on it must intefere with the 
rh3-thmic d3-namic contractions of the ureters, and must p]a3- a part 
in the marked stagnation of urine, which is characterized dinicalh' 
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by inteimittcnt attacks of pyelitis and pyelonephi'itis. As the early 
symptoms progress, the clinical picture may become aggravated 
through lack of drainage and through intense pyelonephritis, followed 
by recurrent attacks of fever, chills, general sepsis, ileus and uremia. 
The piessme of the renal mass on the aorta may lead to aortitis and 
aneurysm, with cardiac hy]jertrophy, thrombosis of the iliac veins and 
phlebitis. 

The syndrome of horseshoe kidney was observed in 24 of the 25 
cases lepoited. Eveiw one of the patients had been examined pre- 
viously in some other hospital, and various diagnoses had been made. 
Twelve of the patients (48 per cent) had been operated on elsewhere 
for various abdominal conditions, without obtaining relief. 

It is chiefly urography that has made possible the preoperative 
diagnosis of horseslioe kidney. Pyelograms of both sides, whenever 
possible, or pj'’elograms made following intravenous injection are 
necessary, not only to verify the diagnosis, but to exclude the possi- 
bility of other abnormalities. As a further means of eliminating error, 
Gutierrez has established a new sign of distinct pathognomonic value, 
which he calls the “horseshoe kidney pyelographic triangle.'' This 
triangle has as its base the line joining the two lowermost calices in 
the pyelogram, and as its apex the point where the bisiliac line crosses 
the vertebral column. Owing to the abnormal approximation of these 
two calices in the horseshoe kidney, the basal angle is very narrow, 
ranging between 7 and 36 degrees, with an average of 20 degrees, in 
strong contrast with an angle of 90 degrees in a similar triangle drawn 
in normal kidneys. • 

The graphic points in the pyelogram for establishing a correct 
diagnosis of horseshoe kidney are: first, visualization and perfect 
outline of the position of the kidneys; second, possible delineation of 
the isthmus by roentgen rays; third, renal shadows of calculi close 
to the spinal column or overlapping it; fourth, in a pyelogram of 
both sides, rotation of the pelves; fifth, the lower calices pointing 
inward toward the median line; sixth, the “flower-vase” position of the 
ureters; seventh, the “bottle neck” shape at the ureteropelvic juncture, 
and eighth, the pathognomonic pyelographic horseshoe triangle, with 
its minimal basal angle of 20 degrees. 

At the onset treatment should be conservative, but in most cases 
some surgical procedure is necessary later. Two types of cases must 
be considered: 1. Cases in which some concomitant associated patho- 
logic change is present, and in which some type of surgical inter- 
vention may be required, as in any other pathologic lesions of the 
kidney. Obviously half of the kidney must have enough function to 
maintain life, particularly when heminephrectomy is to be carried out. 

2. Cases in which no detectable pathologic change is present, but in 
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which, nevertheless, the syndrome of horseshoe kidney is clinically 
evident. Here renal symph3’siotom3' for the division of the isthmus 
of the fused kidne3’ is the operative procedure of choice, followed bv 
nephroh'sis, ureterol3-sis and nephropex3'. The best surgical method 
of approach has been found to be the retroperitoneal, since in this 
wa3" peritoneal complications are entirelv avoided. These operations 
on the horseshoe kidnev are in realit3- conservative procedures, with 
good prognosis, relieving s3’mptoms and achieving permanent cure. 

Legueu and Fe3- “ reported a case of horseshoe kidnev. The 
p3'elogram revealed four separate pelves; it was also obvious that the 
lower calices were placed in reverse, facing inward toward the median 
line, as though occup3'ing the isthmus of the fused organ. The patient 
suffered from pain on the left side, where there was marked dilatation 
and infection. In view of the bilateralit3’ of the lesion, which appar- 
entl3’^ caused one kidne3- to be superimposed on the other, and of the 
fact that there was evidence of onh- one ureter on each side, operation 
was not considered. 

[Compilers’ Note. — Another such unusual anomaly as a horse- 
shoe kidne3- with four pelves has also been reported b3' Gutierrez.® 
There are perhaps 5 or 6 cases of tliis t3'pe on record. Before 
urograph3' possible, the condition was seldom, if ever, diagnosed 
clinicall3’- before operation. Nowada3-s it is easih- and accurateh’ diag- 
nosed by means of ascending or descending p3'elograph3L Accurate 
diagnosis has made it possible to anticipate complications and to 
diminish difficulties at the time of operation.] 

Salleras " reported a case of horseshoe kidnery diagnosed pvelo- 
graphicall3’- in advance of operation. If there is any reason to suspect 
the present of horseshoe kidne3', the position of the ureters, pelves and 
calices should be carefully noted in the p3’elogram. If the ureter 
enters the pelvis on the external margin of the latter, with marked 
deviation from the vertebral column, or if the pelvis is external with 
reference to the kidne3-, and the calices point toward the vertebral 
column, one ma3' feel certain of the presence of this renal anomah'. 
Nevertheless, a horseshoe kidne3' with normal p3'elographic charac- 
teristics ma3’ occur if the kidne3'S have ascended to a fairh' nonnal 
position. In the case reported, there was pj’onephrosis of the left 
kidne3% for wliich nephrectom\' was done. 

A p3'elogram of both sides revealed that the left ureter, of normal 
size, deviated strong!}- outward and was widel}- separated from the 

6. Legueu and Fej- : Pyelographie d’un rein en fer a cheral, T. d’urol. 27:347 
(March 18) 1929. 

/. Salleras, Juan: Riiion en herradura con pionefrosis del izquicrdo. Diag- 
nostico pielografico. Nefrectomia. Curacion. Rev. Asoc. ined. argent. 4G:12S7 
(Oct.) 1932. 
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vertebral column. The left renal pelvis, much distended, was four 
times its normal size and occupied an inverted position. The calices 
situated within the pelvis, although inverted, were projected in the 
pyelogram against the transverse processes of the first to the fourth 
lumbar vertebrae; at the fourth there was a prolongation of the lower- 
most calix, which was dilated and possiblj^ corresponded to the isthmus 
of the hoiseshoe oigan. The right ureter followed a normal course 
and was not cnlatged. The image of the two kidneys, taken together, 
gave the impression of a horseshoe kidney joined at the lower, poles, 
which finding, together with left pyonephrosis, was confirmed at 
operation. 

Salleias made his incision slightly within the parenchyma of the 
left kidne}'^, to form a stump for the ligature. A large quantity of pus 
gushed out, and a kidney three times the normal size was found, with 
its fatty capsule closely adherent to the capsule proper. When the 
removed specimen was opened through its convex border, it was found 
that the paronch 3 ana had almost entirely disappeared, being replaced 
by enormous cavities which were the site of pyonephrosis. 

Formation of Calculi. — Gottstein ® stated that definite progress has 
been made in the study of urinary calculi, as to the etiolog)', pathology, 
diagnosis and ti-eatment. Recent yeai's have produced good experimental 
work on oxalate, urate and phosphate stones. These studies have aided 
the work on the etiology of formation of stones. Endoscopic technic 
has enhanced diagnosis, especiall}'- in association with simple roentgen 
rays and pyelography. Conservative methods have displaced surgical 
methods in the treatment of ureteral calculi, espedally with small stones. 
With kidney stones, Gottstein stated that one must still depend on opera- 
tion ; this will probably remain the method of choice unless newer 
methods are forthcoming. The author concluded that radical methods 
should be used only when the investigator believes that conservative 
methods may lead to recurrence. 

Ewell ” stated that C 3 ^stine stones of the kidney occur as complica- 
tions of C3'stinuria; the latter, in all probability, is due to an error in 
metabolism, with a definite hereditary tendency. 

This formation of stones is dependent on different factors, such 
as stasis and infection, and should be suspected in all cases in which 
renal calculi are recurrent; the calculi and urine should be examined 
chemically for cystine. If a cystine stone is found, or if cystinuria is 
demonstrated, the patient should be given a diet low in protein. Pro- 
teins containing a large amount of cystine are to be avoided, and the 
urine should be rendered alkaline by internal administration of alkalis. 
After three months of such care in 2 of Ewell’s cases, sandy particles 

S. Gottstein, G.: Nieren-und Uretersteine, Bcitr. z. klin. Chin 1S6:.115, 1932. 

9. Ewell, G. H.: Cystine Nephrolithiasis, J. A. M. A. 99:2160 (Dec. 24) 

1932. 
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of cystine and cn-stals disappeared from the urine, with a decrease in 
the concentration of cystine in the urine. Cr^-stals promptly returned 
after resumption of a general diet and discontinuance of the alkali. The 
possibilit)' of the formation of phosphatic calculi from the intake of 
alkali should be home in mind. In Ewell’s case 3, conclusions were 
not warranted. In case 4, the formation of calculi was not prevented 
after several months of apparently the same care. 

Young stated that the subject of recurrence after operation for 
renal and ureteral calculi is ver}' important, for the great clinics of the 
countr}' have reported recurrence in from 20 to 40 per cent of cases. 
He stated brie% that the cause of recurrence is one of the following: 
missing a calculus or leaving a fragment, persistent infection, dependent 
or badl}' draining calices or pouches or obstructions at the ureteropelvic 
juncture. If the stone lies within a calix or pouch which has excellent 
drainage, removal of the stone b}' p 5 Hotomy usually will be the method 
of choice, and can be expected to give good results, if one is careful 
to sterilize the urine before allowing the patient to leave. If the infect- 
ing organism is a coccus, neoarsphenamine, in doses from 0.30 to 
0.75 Gm. intravenously, at inteia-als of from three to four days, usually 
will give quick results. With bacillary infections, it is more difficult to 
obtain sterilization, and various treatments by mouth and intravenously 
may be required in addition to pelvic lavage. 

When the stone is in a dependent pouch, and drainage is uphill, 
especially if the infundibulum leading from the pouch to the pelvis is 
contracted, the stone usually cannot be removed by p)'’elotomy. In 
preference to nephrotomy. Young generally carries out resection of the 
pole of the kidne}'-, unless contraindications exist. Young proposed 
this method a number of 3 ’ears ago for use in cases of this character, 
and has been greatly pleased with the results obtained. He recently 
studied 17 cases, in 14 of which the lower pole had been resected, and 
in 3, the upper pole. There has not been a single recurrence of renal 
or ureteral calculus in anj" of these cases. He expressed the belief that 
the operation is greatly to be preferred to extensive nephrotomy, which 
leads to marked destruction of renal tissue from the multiple sutures 
that are required to stop bleeding. By thus removing the stone-bearing 
area and the poor!}- draining pocket, if one continues to treat the patient 
until sterile urine is obtained, calculi will, in Young’s opinion, rarel}" 
recur. 

RandalH^ stated that alkalinization and phosphatic encrustations 
can be prevented by lavage of the bladder with phosphoric acid post- 

10. Young, H. H. : Discussion, Tr. Am. A. Genito-Urin. Surgeons 25:152, 
1932. 

11. Randall, Ale-xander: Problem of Recurrent Renal Calculi with the Con- 
sideration of a Yew Preventive Treatment, Tr. Am. A. Genito-Urin. Surgeons 
25:123, 1932. 
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operatively. Treatment of staphylococcic cystitis, leukoplakia and allied 
conditions by this means is indicated. There has been every indication 
of success in the prevention of recurrent renal calculi of the phosphatic 
variety. The recognized action of such strengths of phosphoric acid in 
vitro and the tolerance to such topical applications in vivo make possible 
the dissolution of small phosphatic calculi or 'of fragments left at 
operation. 

Randall concluded that as this means of treatment has proved safe 
and efficacious in lenal operations as a postoperative prophylactic mea- 
sure against infection with the alkali-producing organisms, it should 
aid in the prevention of recurrent renal calculi of the phosphatic variety. 

Polycystic Disease . — Noszkay stated that it has not been definitely 
decided whether pol 3 ’cystic kidney is a disturbance in the development 
of the kidney or a tumor. However, such factors as heredity, bilater- 
ality and similar processes in other organs tend to cause one to attribute 
the condition to developmental disturbances. Degeneration of a poly- 
cystic kidne}^ is progressive, and leads to complete renal insufficiency 
and, finally, uremia. 

The diagnosis of early polycystic kidney is difficult, since there are 
no characteristic S 3 ymptoms. However, bilateral pyelography is a great 
aid because of the characteristic pyelograms. Since potycystic kidney 
is a progressive disease, treatment should be as conservative as possible. 
The progress of the condition cannot be deterred by operation, and 
there will be only temporary symptomatic relief, such as cessation of 
hematuria, diminution in the size of the tumors and passive increase in 
renal function. For this, Payr’s cystic puncture is advocated. 

A polycystic kidney should be removed only if there is a vital indi- 
cation, and if the other kidney is functionally capable and tliere is no 
danger of oncoming uremia. Such indications may be continuous 
hematuria or renal infection. In the case of a unilateral lenal tumor, if 
the diagnosis is undecided, exploration is warranted. 

Braasch and Schacht collected data on 193 patients observed at the 
Mayo Clinic for whom a diagnosis of polycystic kidney had been made. 

At the time of the onset of symptoms, the average age of the patients 
was 38.8 years. The average length of life of the patients who were 
reported to have died was fifty years. There was definite evidence of 
a hereditary trend. A systolic blood pressure of 145 mm. of mercury, 
or more, was found in 61 per cent. of the cases; the diastolic blood 

12. Noszkay, Aaurel : Ueber die polycystisebe Niere, Ztsebr. f. urol. Chir. 
35:238, 1932. 

13. Braasch, W. F., and Schacht, F. W.: Pathologic and Clinical Data Con- 
cerning Polycystic Kidney, Tr. -Am. A. Genito-Urin. Surgeons 25:85, 1932. 
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pressure was more than 90 mm. in 55 per cent, and more than 95 mm. 
in 47 per cent. Peripheral sclerosis was observed in 15.4 per cent. 
Retinal sclerosis, with other ocular changes, was noted in 51 per cent. 
Laboratory evidence of renal insufficiency was present in more than 
60 per cent. Surgical complications occurred in approximately 20 per 
cent of the cases; this is a larger percentage than is usually recorded. 

Braasch and Schacht stated that renal polycystic disease is easily 
overlooked, and usually is overlooked in the course of general clinical 
examination, since there are often no symptoms present which would 
indicate renal involvement. The failure to discover that renal enlarge- 
ment is bilateral may lead to the erroneous diagnosis of renal neoplasm. 
Bilateral urographic studies ma}' be necessary to determine involvement 
of both kidneys when abdominal palpation reveals unilateral enlarge- 
ment. The most common symptom is a dull pain, usually referred to 
either renal region. The first clinical symptoms are frequently those 
of renal insufficiency, although a remarkable degree of tolerance is often 
noted in the presence of advanced renal destruction. Laborator}-- erd- 
dence of marked reduction in renal function, with comparatively few 
subjective sjTnptoms, in the case of an adult who is in the third or 
fourth decade of life, should call attention to the probability of poly- 
cystic renal disease. The prognosis will varv' largely with the degree 
of renal d 3 "sfunction. If renal function remains normal, the prognosis 
IS good. Even moderate reduction of renal function may remain 
stationary for as man}' as ten or fifteen years. When the reduction is 
advanced, the prognosis becomes grave, although several years may 
elapse before death. Expectancy of life will average almost fifty years, 
although patients are frequently obser^'ed who are more than 60 years 
of age. The hereditar}' nature of the disease should discourage the 
having of progeny, and sterilization should be advocated. 

Hydronephrosis. — Kdnig reported 7 cases of intermittent hydro- 
nephrosis in which careful examination was made to determine the 
cause of the pehac obstruction. In 2 cases the obstruction was caused 
by inflammatory bands ; in 4, by accessory vessels, and in 1 case by 
a combination of these. In 4 cases it was necessary to perform 
nephrectomy. In 3 cases, satisfactory results were obtained by freeing 
the ureter, cutting through the accessor}' vessels and removing the 
obstructing bands. In 2 cases, cure resulted from the clearing up of 
associated infectious pyelitis. 

Kdnig stated that it is always essential to remember the possibilitv 
ot anomalous blood vessels as a cause of hydronephrosis. 

14. Konig, F. : Ueber intemiittierende Harnstauung im Xierenbccken, Deutsche 
Ztschr. {. Cliir. 227:326, 1930. 
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^A^^lltels stated that the return of renal function after removal 
of obstructing lesions seems rather remarkable. If one is to attempt to 
preserve a kidney injured as the result of an obstructing lesion when 
the othei kidney is noimal, one must have sufficient evidence that such 
a kidney will return to reasonable function after relief of obstruction 
and after control of infection, rather than to a decrease in function and 
to atrophy, 

Walters expressed the belief that a most important point in such a 
decision is the amount of renal parenchyma that is present, as measured 
by the thickness of the cortex and the size of the calices. Even in cases 
in which a good deal of infection appears to coexist with the obstructing 
lesion, in the presence of small cortical abscesses, the kidney may free 
itself of such infection after relief of the urinary obstruction. In such 
cases, removal of the fibrous capsule of the kidne}', enabling the cortical 
infection to discharge itself, should be a part of the procedure. In the 
presence of stones in the kidney and ureter, estimations of renal func- 
tion, such as excretion of phenolsulphonphthalein, indigo carmine and 
various mediums used in intravenous urography, do not give accurate 
indexes of renal function. If this is the case, whenever sufficient renal 
parenchyma remains, the kidney should not be removed until sufficient 
evidence accumulates, after removal of the obstruction, that the kidney 
is not functioning. Indications for conservative procedures, such as 
resection of the renal pelvis, reimplantation of the ureter or removal of 
obstructions, such as peripelvic tissue, are strikingly indicated when 
the hydronephrosis is bilateral or, if it is unilateral, when sufficient 
renal parenchyma remains to justify its preservation. In making the 
decision as to the best conservative treatment to follow in hydro- 
nephrosis, one should be guided by one’s own experience, remembering 
that the safest and best procedure is the one which produces adequate 
and complete relief from the obstruction, with only disturbance of the 
renal pelvis or ureteral tissue. 

Tuberculosis. — ^Thomas and Kinsella have come to the conclusion 
that successful surgical treatment of urogenital tuberculosis depends 
primarily on accurate diagnosis. This may be accomplished only after 
repeated, complete urologic examinations. Surgical treatment for any 
type of tuberculosis, except in an emergency, should not be under- 
taken until the patient has developed a sufficient defense mechanism. 
Urogenital tuberculosis rarely demands emergency operation. Any 
such treatment of tuberculosis, surgical or medical, should aim at treat- 
ment of the patient as a whole and not just the local lesion. The authors 

IsTwalters, Waltman ; Restoration of Renal Function Followinir Removal of 
Obstructing Lesions, Ztschr. f. urol. Chir. 36:264 (Jan.) 1933. 

16. Thomas, G. J., and Kinsella, T. J.: Modern Aspects of the Surgical Treat- 
ment of Urogenital Tuberculosis, Tr. Am. A. Genito-Urin. Surgeons 25:405, 1932. 
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said that nondestructive renal tuberculosis, unilateral or bilateral, is a 
nonsurgical condition and should be treated intensively by medical 
methods. Unilateral, slightly destructive tuberculosis should be treated 
conservatively under careful observation. Nephrectomy is indicated 
only when progressive disease is present. E>h:ensive unilateral destruc- 
tive lesions should be treated by surgical methods. In bilateral destruc- 
tive renal tuberculosis an operation is not indicated except when it is 
necessar}" to stop hemorrhage or to relieve pain and infection, the result 
of an obstructed ureter. 

Thomas and Kinsella stated that genital tuberculosis is usually an 
infection of the prostate gland and epididymis, and in a high percentage 
of cases is associated with a renal lesion. They stated that tuberculosis 
of the epidid}’mis is often an acute disease, and can be cured b)* drainage 
and heliotherapy. When an operation is necessar\-, it should be an 
epididymectomy and not an orchidectomy. Surgical treatment of tuber- 
culosis does not cure the disease, but it mechanically aids in producing a 
clinical result. Constitutional treatment of urogenital tuberculosis is 
important and should supplement surgical treatment, both before and 
after operation. 

Carbuncle . — Patch and Reid reported 2 fatal cases of bilateral 
renal carbuncle, in both of which the diagnosis was proved at necropsy. 
In 1 of the cases there was a typical carbuncle of the liver. Two other 
cases of presumable renal carbuncle with perinephritic abscess were 
reported; both patients recovered following drainage of the abscess. 

The authors stated that the value of a pyelogram in arriving at a 
diagnosis was demonstrated in the two cases of presumed renal car- 
buncle. Early diagnosis and conservative treatment are two important 
factors, and should be emphasized. They expressed the belief that in 
all obscure cases, even when only slight signs and symptoms suggest 
involvement of the urinary tract, full urologic study should be made. 

O’Conor also reported 2 instahees of renal carbuncle, in both of 
which the left kidney Avas im’olved. Both cases Avere correctl}’' diag- 
nosed before operation. Diagnosis Avas made possible by roentgenologic 
studies, coupled Avith the history and clinical examination. Complete 
recovery followed nephrectomy. As near as O’Conor AA'^as able to 
ascertain, this report brings the total to 94 reported cases. 

Cysts. — Pfaehler reported a case of bilateral solitar}^ cyst of the 
kidney. Both cysts AA'cre the size of a child’s head, and Avere success- 
fully enucleated from the kidney, the first in 1923 and the second six 
years later. The patient made a good recoA-ery. 

17. Patch, F. S., and Reid, R. G.: Carbuncle of the Kidney, Tr. Am. .A.. 
Genito-Urin, Surgeons 25:1, 1932. 

18. Pfaehler, P.: Beitrag zur Frage der doppelseitigen Solitarcystenbildung 
der Niere, Ztschr. f. urol. Chir. 36:224 (Tan.) 1933. 
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Infoi-cfs—Barney and Miiitz have gone over the records of 
necropsy of the Massachusetts General Hospital and have found and 
studied 143 cases of infarct of the kidney. Of this series, 117 patients 
(83 per cent) were admitted to the medical wards, and only 22 to the 
surgical service. Of the latter, 6 were admitted with gangrene of one 
or both legs, and amputation was performed; 9 had a more or less 
acute abdominal condition ; 3 came because of carcinoma, and 3 others 
for emp3'^ema. 

Most of the patients admitted to the medical service were found to 
have acute or chronic heart disease, many with decompensation; the 
chief cause of illness of the others was marked arteriosclerosis. Of the 
patients with infarct, 57.5 per cent were males. The youngest patient 
was a boy, 6 years of age; the oldest a man, 77 years of age. How- 
ever, the great majority were between 30 and 50 years of age; more 
than 24 per cent were from 30 to 40 years, and more than 19 per cent 
from 40 to 50 years of age. Infarcts of the kidney, then, are most 
commonly seen at the prime of life. 

In about 38 per cent of this series Barney and Mintz found the 
urine persisteirtly normal. In 80 cases (61 per cent), in which the urine 
was not normal, it was often doubtful whether the presence of 
infarction of the kidney accounted for the pathologic condition found. 
Only about 10 (9 per cent) of the patients complained of urinary 
symptoms, such as frequenc}", difficult}^ or dysuria. Four of the 10 
patients were those who were mentioned as having hematuria. The 
remaining 116 (91 per cent) made no complaint of urinary symptoms. 
In 88 cases (64.7 per cent) there was no history of pain or tenderness. 

At postmortem examination a normal heart, including the myo- 
cardium and valves, was found in only 6 (4.4 per cent) of 136 cases 
in which the observation was recorded. In 130 cases (about 95 per 
cent) the heart and its valves showed changes of greater or lesser 
extent. In 92 cases of this group (67.6 per cent) the lesions were of 
long standing, associated in a great many cases with arteriosclerotic 
changes. 

Barney and Mintz found pathologic conditions in the lungs in 71 
cases (55 per cent). Of these, infarctions were most frequent; there 
were infarctions in 34 cases (26.9 per cent), with pneumonia next in 
order of frequency (17 cases). Abscesses, pulmonary emboli, hydro- 
thorax and empyema were observed in several instances in one or 
another combination with the infarction. 

Barne)'^ and Mintz also found that both kidneys were the scats of 
infarcts in 77 cases (54.2 per cent) ; 3 of these cases were included 
among the 5 cases of total infarct already mentioned. Streptococci, 

ipTBaniey, J. D., and Mintz, E. R.: Infarcts of the Kidney, J, A. M. A. 
100:1 (Tan. 7) 1933. 
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generally Streptococcus viridans, were the oftending organisms in 40 
cases (72.7 per cent of the positive cases), staphylococci coming next 
in 10 instances (18.1 per cent). The great predominance of infections 
of the cardiac valves would seem, therefore, to coincide with the high 
incidence of streptococci. 

Abscess . — Casco reported a case of renal amebic abscess, affect- 
ing a boy 4 years old, which was evacuated spontaneously by way of 
the urinary passages. The case was unusual, both on account of the 
place where the abscess formed, and also because of its evolution. The 
child was a native of Corrientes (Argentina) where amebiasis is 
endemic. His illness began with diarrhea, and he was brought to the 
clinic in a state of extreme malnutrition. As Endamoeba was found in 
his stools, he was treated with emetine hydrochloride, and apparently 
made a good recover}’. He was brought back by his father five months 
later, however, in a state of undernourishment, with a distended 
abdomen; the left kidney was enlarged and painful on palpation. 
Although diarrhea was not present, examination disclosed a few amebic 
cysts in the stools. The urine contained abundant pus and cells of the 
vesical epithelium. A few days later, when blood was found in the 
urine, the patient was admitted to the hospital. On the second da}' 
he passed large quantities of pus in the urine and many amebic cysts. 
Although hope of recovery seemed slight, treatment with emetine hydro- 
chloride was instituted, following whicli the child recovered ; he had 
remained well up to the time of the writing of the report. 

While the dosage given was large for a young and undernourished 
child. Casco expressed the belief that this is the only way to make the 
parasite disappear. 

Fistula . — Barnes reported a case of renocolic fistula. This 
resulted from neglected calculous pyonephrosis with rupture into the 
ascending colon. A diagnosis was made by means of a p}'elogram, 
■which showed the escape of the pyelographic fluid into the cecum. 
Nephrectomy and closure of the opening into the cecum were success- 
fully accomplished. 

Barnes expressed the belief that this case emphasizes the importance 
of earlier urologic study in cases of continued pyuria. It also adds 
another interesting condition to the list of sequelae of neglected pyo- 
nephrosis. 

Function.— 'junne-Y and Walker" stated that they had presented 
the results of a test designed to show the peak capacity of the kidney 

20. Casco, E. D.; Abceso amebiano de rinon eliminado por vias naturales, 
Rev. med. latino-am. 17:1165 (May) 1932. 

21. Barnes, R. W. : Acquired Reno-Colic Fistula, J. Urol. 29:111 (Jan.) 1933. 

22. Janney, J. Q, and Walker, Elisabeth W.: Kidney Function in Pregnancy: 
'Vater Diuresis in Normal Pregnanc>', J. A. A. 99:2078 (Dec. 17) 1932. 
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to dispose of water, and that they had shown that this capacity declines 
progressively among clinically normal pregnant women in the last 
twelve weeks of pregnancy. It has already been shown that fever 
reduces the volume of urine, and the conjunction of intercurrent dis- 
ease with this lowered functional capacity of the kidney in the later 
weeks of pregnancy has been considered as a precipitating factor in 
toxemic states. The results of this test in a small group of patients 
with toxemia have been reported, and the clinically well known urinary 
retention which occurs in this condition has been demonstrated by this 
method. 

Infection . — Preiss stated that in the last forty 3 'ears more than 
240 cases of mechanical ileus in pregnancy have been reported. In 34 
of these cases necropsy was performed and revealed true ileus of 
pregnancy, that is, ileus caused b)’- the pressure on the intestine of a 
normal, gravid uterus. In 9 of the 34 cases there was associated pyelitis 
of pregnancy. 

A case of a primigravida, aged 23, rvho had true ileus of pregnane}’' 
is reported. This patient had had two operations before pregnancy, 
and chronic pyelitis in the course of it. Between the fifth and sixth 
months the infection became more severe; ileus developed which did 
not respond to ordinary measures of treatment and rapidly became 
worse. Laparotomy disclosed the presence of ileus; the uterus was 
emptied, and the woman recovered. 

There are several explanations of ileus of pregnant women: intes- 
tinal paralysis secondary to the toxicosis of severe pyelitis, ileus 
resulting in traction of the pregnant uterus on the vaginal neck, retro- 
peritoneal phlegmonous infection following pyelitis, intestinal atony 
from the toxins of pregnancy and pressure on the dilated intestines by 
the uterus. Treatment of this condition is laparotomy and emptying 
of the uterus ; the pyelitis by itself is not sufficient indication to inter- 
rupt pregnancy unless it is associated with a high degree of ileus. 

Wegelin described a case of aspergillosis of the kidney affecting 
a man, aged 56, who otherwise was healthy. The kidney was removed, 
and the wound healed rapidly. The fungus growth caused definite 
necrosis, which was limited to the renal parenchyma; however, in the 
remainder of the kidney there was a definite chronic inflammatory 
reaction. Microscopic examination revealed caseous-cavernous destruc- 
tion of a portion of the kidney. Infection resulted from the hema- 
togenous transmission of the spores; it u-as impossible to determine 
the point of entry. 

23. Preiss, Hans; Ueber Pyelitis gravidarum und Ileus, Zcnfralbl. f, Gynak. 
57:319 (Feb. 11) 1933. 

24. Wegelin, C. : Ueber eine Schimmelpilzerkrankting der mcnschlicben Xicre, 
Ztschr. f. urol. Chir, 36:281 (Jan.) 1933. 
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PARAREXAL TUMORS 

Quenu observed a woman, aged 42, suffering from a condition 
that should be classified as pararenal tumor as defined by Lecene in 
1919, since it fulfils all the anatomic and pathologic conditions sug- 
gested by Lecene. The kidney was preserved and was left intact after 
removal of the tumor. 

Study of the late results in these cases is interesting in view of 
the paucit}' of reports on the subject. In reports of 65 cases that 
Lecene reviewed in which the patients had survived operation, he found 
only 15 in which the patients had been traced for more than one year. 
In Quenu’s case the patient had no recurrence until three years after 
operation. The secondarv growth, when it developed, was not on the 
flank, as was the primary tumor, but above in the hypochondrium and 
below in the pelvis, as if several nodules had been left at each pole. 
These secondary growths were removed without difficult}'. There was 
another recurrence eighteen months later, this time at the site of the 
original tumor. Quenu accordingly opened the abdomen for the third 
time, one year previous to the writing of his report. This time the 
operation was more difficult, and in an attempt to preserve the kidney 
part of the parenchyma was resected. Quenu has seen the patient 
three times since, and at the 'time of writing she had a small pehic 
nodule to the right of the uterus, which may have been a third recur- 
rence. ■ Her general condition continued to be good. 

Lepoutre stated that the diagnosis of paranephritic tumor is 
rarely made before operation. Evolution of the tumors suggests the 
reason for this : If they are large, they tend to develop abdominally, 
and the surgeon does not think of a paranephritic tumor. A p3’e- 
logram, however, reveals the condition readily. Histologic examination 
of the tumor is generally of interest, for there are usually several 
tumors, and the structure may be entirely different. Thus, in one of 
the cases the pathologist had made the diagnosis of lipoma, but there 
Was rapid recurrence, and the second histologic examination disclosed 
that one of the masses removed was a fibroma, and the others were 
sarcomatous, although one seemed to be lipomatous. This proves that 
nil the masses should be examined separatel}'’ if an accurate and com- 
plete diagnosis is to be made. 

Two of the tumors in Lepoutre’s series were of the fatt}' capsule, 
and could be separated from the kidney only by decapsulation. In one 
of these, the vessels were seen to pass from the tumor into the adjacent 
parench}Tna. This made it desirable to remove the kidney and tumor 

25. Quenu, Jean: Un cas de tumeur solide paranephretique trois lois opere, 
Bull, et mem. Soc. nat. de chir. 58:1247 (Oct. 19) 1932. 

26. Lepoutre, C. : Sur trois cas de tumeurs paranephretiques. Bull, et mem. 
Soc. nat. de chir. 58:1389 (Nov. 16) 1932. 
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in a single piece, although this is not always possible. Good results 
are not easily obtained, yet Lepoutre had a case of sarcoma in which 
the patient survived for five years after an operation of this kind. In 
his first case, there was recurrence a month after extensive resection. 
Recurrences are common in these cases and should always be considered. 

SUPRARENAL TUMORS 

Bleicher stated that suprarenalectomy is today regarded as a 
delicate and dangerous operation, because of the deep situation of the 
organ, its small size, its friability, its close relation to the renal pedicle 
and great vessels of the abdomen and the thickness of its adipose 
covering. The old technics were based on old and fault)’’ concepts of 
anatomy, and therefore gave incomplete results. 

Bleicher’s technic, based on dissection of more than 100 cadavers, . 
is essentially anatomic. He uses the retroperitoneal route and removes 
preferably the left gland when the choice is free. The transperitoneal 
route is employed only for suprarenal tumors or for considerabl}’’ 
enlarged glands. His technic is satisfactory for suprarenalectomy, 
medullosuprarenalectomy, suprarenal enervation, removal of suprarenal 
cysts and operation on either gland. 

With the patient in the right lateral decubitus position (for opera- 
tion on the left gland), and with a pillow in the hollow of the thorax 
at the waist to keep the viscera from being crowded into the operative 
field, the abdominal wall is incised, with the center of the wound 
corresponding to the middle part of the ninth rib, high enough and 
anterior enough for an approach, not oblique, but normal, to the 
antero-exterior aspect of the gland. It is a parietal curvilinear incision, 
grazing the margin of the rib. The cutaneous incision starts at the 
external margin of the sacrolumbar mass, that is, from 6 to 8 cm. from 
the crest of the ilium. It follows the longitudinal axis of the twelfth 
rib, and Avhen it arrives at the free extremity of the rib, turns upward 
to follow, at a distance of 1 cm., the lower border of the thorax, ending 
near the axillary line. It involves the entire thickness of the subcu- 
taneous tissue. Section of the superficial muscular layers follows the 
line of the cutaneous incision ; the latissimus dorsi muscle is sectioned 
backward, and the posterior portion of the obliquus externus muscle, 
forward. In sectioning the median layer of muscles, the incision of 
the serratus posterior inferior is made backward, and that of the 
posterior margin of the obliquus internus, forward. Subperiosteal 
resection of the twelfth rib follows, after longitudinal incision of its 
periosteum. The deep muscle layer is cut transversely, at the level 

27. Bleicher, it.; Technique operatoire de la surrenalectomie hasec sur I'anat- 
omie, -A-rch. frango-belges de chin 33:97 (Feb.) 1932. 
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of tlie anterior part of tlie incision, to respect the eleventh intercostal 
nerve, wiiich, with the intercostal vessels of the eleventh intercostal 
space, is drawn upward with the superior lip of the incision by the 
tenaculum. The twelfth nerve is similarly hooked downward with the 
lower lip. 

The perirenal capsule is now seen through the transverse and 
retroperitoneal fascia that have been exposed by section of the trans- 
verse muscle. The kidney is identified through its fibro-adipose 
envelop; the retrorenal fascia is incised vertically, from above down- 
ward, a little within and behind the renal margin, as it is made out. 
The partition between the kidney and the suprarenal gland must now 
be broken through to the edge of its insertion on the prerenal fascia. 
When the tip of the haiid inserted in the renal locjc reaches the Aicinit\ 
of the internal edge of the kidney, the fatt}" prerenal bed is broken 
down. This must be done tangentially to the prerenal fascia, obliquel} 
from above downward, and from without inward, for the entire 
length of the renal margin. When the wall is broken down, separation 
of the presuprarenal fascia is easy; it should be done deeply, down to 
the side of the vertebral column, the outline of which is felt. A 
retractor is introduced to pull the upper part of the fascia strongly 
forward. This method makes it possible to respect the peritoneum 
completely, the surgical manipulation being always separated from it 
by the prerenal fascia. 

The upper lip of the wound is drawn strongly upward ; an assistant 
draws the kidney strongly backward, with his hand introduced into the 
renal space, which is now stretched open wide. This brings the antero- 
exterior aspect of the gland into full view. 

To avoid hemorrhage, one should separate the gland from the 
kidney with curved scissors that have blunt points ; the fat separating 
them is stronglj'' adherent to the gland but not to the kidner , the 
gland should, therefore, be separated in this way as far as the muscular 
layer of the posterior abdominal wall, the scissors going from v ithout 
inward, to the internal edge of the gland, passing behind the retro- 
suprarenal cushion, where cleavage is easy. 

The gland is now held in place only by its vascular and nen-e 
pedicle, included in a continuous nap of cellulo-adipose tissue. To 
remove the gland, two elbowed clamps are placed parallel to each other 
on the superior vascular pedicle at the top of the gland, uith room 
between them for scissors to pass, and two others are placed similar]} 
parallel on the inferior pedicle, near the lower end of the organ, as far 
ns possible from the renal vessels. Care must be taken that the clamps 
will include the entire thickness of the connective tissue and vascular 
nap. These pedicles arc now cut, leaving as the only support the 
niiddle vascular and ner\’e pedicle, inserted on its interna c „e. 
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organ is now tilted forward, the middle pedicle playing the part of a 
hinge. This pedicle is clamped and cut along the margin of the gland, 
with the same precaution as the others. The pedicles are ligated with 
catgut, or buried metal hooks can be used if preferred. The abdomen 
is closed in layers, with or without drainage. It is unnecessary to fix 
the kidiiey in its bed, for this oi'gan shows no tendency to leave its place. 

(To be Continued) 



INDEX TO VOLUME 27 


Abdomen, relation of trauma to rupture of hol- 
lon alidomlnal viscera, 2U'. 

Abnomailtics: See also under names of ontans 
imu regions 

amniotic origin of deformities of ilmbs, S07 
congenitai. SO" 

Abseess, perinephrltic, dlS 

Achondroplasia, spastic paraplegia In. S.IP 

Amniotic origin of deformities of llml.s. SOT 

'^“^diahi'Jf lo^-cr tlilrd of leg for 

tabetic and arteriosclerotic gangrene. 2CT 

Ane^a. tre.atment of secondary anemia In 
ETneeologic patients, 31 

, ^'‘“'""ation avertln-ether reetal 
anestuesia; experiments on animals, PuO 

Aneurysm of renal artery, 413 

^sSfet’si angiomatous tumors of 

skeletal muscles. Sll 

'^'^’’’dislasi^ '^i'^eccntlation of right-sided renal 
disease from appendicitis, 421 

*'sTmn?ii?° appendical mucosa producing 
symptoms resembling appendicitis. 75 

appendical mucosa 
citls 75 symptoms resembling appendi- 

Amputation through lower third 
ganifne, 207'^“*’®^’° arteriosclerotic 

^vitifl Atrperimental chronic arthritis (syno- 
of Intra-artlcular Injections 

teins filtrates and other foreign pro- 

treatment of chronic arthriUs of spine, 970 
Ashhurst, A P p • tj . ■ 

nf ■ A'rognosis in caremoma 

merit ’ remote results of surgical treat- 
taent to January, 1930, 320 

'the’sin°™'^^^*’°° avertin-elher rectal anes- 
csia, experiments on animals, 960 

b*'(i 189 ^uu't’ago; pain in lower part of 


Bliharzlasls, of bladder, 605 

BIrtli injuries, cerebral, 973 

Bisgard, J. D. : Ribs overlying empyema cav- 
ities; pathologic study, 941 

Bladder, bllharziasis of, 605 
carcinoma, 602 
diverticulum, 605 
resection of presacral nerve, 024 

Blair, J. E. ; Diagnosis of surgical tuberculosis: 
comparison of diagnosis by inoculation of 
guinea-pigs and by culture, 17S 

Blood circulation of head and neck of femur, 
975 

circulation ; sympathetic ganglionectomy and 
trunk resection in circulatory disturbances, 
972 

supply of ligamentum teres and its relation 
to circulation of head of femur, 975 
vessels, eircular suture of blood vessels ; ex- 
perimental study, 7S6 

vessels, general care of peripheral vascular 
disease. 971 

vessels, quantitative determination of vaso- 
constrictor spasm, 971 

Bone and joint surgery, 972 
changes in bone and photoviosterol toxicosis, 
809 

disturbances in osseous metabolism, S09 
healing of fractures and bone defects after 
venous stasis, 935 

malignant giant cell tumor of bone. Sll 
metastases from carcinoma of breast, S14 
metastatic malignant lesions in bones, S13 
osseous dystrophy following icterus gravis 
neonatorum, SiO 

production of increased compression strength 
of bone, 976 

tuberculosis of bones and joints in children, 

815 

tumors, diagnosis of primary tumors by 
means of roentgen rays, S12 

Brain, injuries at birth, 973 


A^Arimental chronic arthritis 
iec^on’of’ 106°3‘^““'' intra-articular in- 
Barren T A 

doc^'e * 1 * of cathartics on isolated 

^ ugs colon; motor activity, 1130 

*seere(nL'^^^*’^^AS on isolated dog’s colon; 
secretory activity, 1120 

Physiology of colon, 1 

ar^i T 

turns' 5^7 modem treatment of 

'^'orttn^o■a^„ ^^^‘y'fitst report of progress in 
urinopedic surgery, 807, 970 

Best, Bn* 4 v 

tion losi intestinal obstruc- 

V* ”Ound of superior vena cava 
wealed by suture; report of case, 392 


surgery of frontal lobes, 506 

Breast, cancer, bone metastases from, S14 
malignant tumors of male breast, 427 

Briggs, H. : Effect of complete and partial 
starvation on rate of fibroplasia in healing 
^ound, S4C 

Bronchiectasis, iodized oil in bronchiectasis In- 
cluding study of 2 cases following lobec- 
tomy, 545 

Bninschwig, A.: Experimental chronic arthritis 
(synovitis) produced by intra-artlcular in- 
jections of bacterial filtrates and other 
foreign proteins, 1065 

Burman, M. S. : Staining of cartilage; gross 
staining by intra-artlcular injection of dyes 
in animals, SOI 

Bums, review of modem treatment, 527 



INDEX TO VOLUME 27 


Calcium, calcincatlon of Twort mouse carcinoma 
(in vivo) 1)}' means of vlosterol, 588 

Cancer; See also under names of organs and 
regions 

calcification of Twort mouse carcinoma (in 
vivo) by means of vlosterol, 588 
cancerplioijia, special relation to insignificant 
and fancied lesions of tongue, 30C 

Carlson, H. K. : Effect of morplilne on move- 
ments of small intestine and sphincter 
muscle?, 29G 

Cartilage, repair of articular cartilage, 978 
staining of cartilage ; gross staining by intra- 
artlcular injection of dyes in animals, 801 

Cathartics, action of catliartlcs on isolated dog's 
colon ; motor activity, 1130 
action of cathartics on isolated dog’s colon ; 
secretory activity, 1120 

Cave, E. E. : Fifty-first report of progress In 
orthopedic surgery, 807, 970 

Cliristianson, 0. : Nasopliaryngeal carcinoma, 
1109 

Colon, action of cathartics on dog’s colon; 
motor activity, 1130 

action of catliartlcs on isolated dog’s colon; 

secretory activity, 1120 
physiology of, 1 

Colp, R. : Periarterial sympathectomy in frac- 
tures; experimental study, 058 

Cranium, fractured, diagnosis and treatment, 
878 

osteomyelitis of, 83 

Curling’s Ulcer: See Ulcer 

Cutting, R. A, : Influence of hypertonic salt 
solutions on motility of normal and of ob- 
structed intestine; experimental study, 742 

Cysts, epidermoid eysts of spleen, 03 
polycystic renal disease, 1150 
renal, 1159 

Deformities: See Abnormalities 

Diabetes, amputation through loner third of leg 
for diabetic and arteriosclerotic gangrene, 
207 

Drinker respirator in after-cure of infantile 
paralysis, 814 

Duodenum, primary malignant disease of duo- 
denum, 1087 

Dystrophy, glycine treatment for progressive 
muscular dystrophy, 973 
osseous dystropliy folloivlng icterus gravis 
neonatorum, 810 


Easton, E. R. •’ Intussusception associated with 
tuberculosis; case in adult, 808 
Eaton, F. B- : Postoperative nutritional edema, 
159 

Edema, postoperative nutritional edema, 159 
Eger, .S. A.: Primary malignant disease of 
duodenum, 1087 

Electric shock, cases and revleiv of llleratiire, 
227 

Electroliasograldilc metliod of recording gait, 

920 


Ely, L. W. : Backaclio ; lumbago ; pain in loiver 
part of back, 189 

Empyema, ribs overlying empyema cavities; 
pathologic study, 941 

Enuresis : See Urine, incontinence 

Epididymis, tumors, 020 

Etlier, combination avcrtin-cther rectal anes- 
tliesia ; experiments on animals, 900 

Everett, II. S. ; Treatment of secondary anemia 
in gynecologic patients, 51 

Exophtlialmos, treatment of pulsating c.xopli- 
thalmos wltli report of 2 cases, 070 

Extremities, amniotic origin of deformities of 
limbs, 807 

circulatory disturbances, 971 


Femur, blood supply of ligamentum teres and 
its relation to circulation of liead of femur, 
975 

circulation of liead and neck of femur, 975 
osteochondritis of head of femur; e.xperi- 
mental study, 045 

Ferguson, A. B. ; Surgery of sesamoid bones 
of great toe ; an anatomic and clinical 
study u-itb a report of 41 cases, 400 

Fibromyoma of uterus ; report of case of 05 
pound solid fibromyoma, wltli review of 
largo cystic and solid uterine myomas, 897 

Fistula, renal, 1101 

spontaneous renal and ureteral fistulas, 817 
umbilical, 000 
ureteral, 424 

Fracture, Colics’ ; See Radius 
healing of fractures and bone defects after 
venous stasis, 935 

periarterial sympathectomy in fractures ; ex- 
perimental study, 058 

treatment In light ' of their ischemic com- 
plications, 977 

Freiberg, J. A. : Fifty-first report of progress 
in orthopedic surgery, 807, 970 

Freund, E. : Spastic paraplegia in achondro- 
plasia, 839 


Gage, 1, JI. : Infiuence of hypertonic salt solu- 
tions on motility of normal and of ob- 
structed intestine; experimental study, 742 

Galt, angle of gait, 973 
elcctrobasographlc method of recording gait, 
920 

Gallbhadder, double, report of case, 905 

Ganglloncctomy, .sympathetic ganglloneetomy and 
trunk rc.sectlori in circulatory disturbances, 
972 

Gangrene, amputation througii lower third of 
leg for diabetic and artcrlo.sclerotlc gan- 
grene, 207 

Gardner, VV. .1. : Treatment of pulsating e.voph- 
thnlnios with reiiort of 2 cases, 070 

Genlto-Urlnary Tract, influence of gynecologic 
conditions on, 028 
tuberculosis, 1158 

Greene, J. .7. : Diagnosis and treatment of frac- 
tured skulls, 878 

Growth, antlgrowth principle from parathyroid 
extract, 977 



IXDEX TO VOLUME 27 


Gutierrez. It. : Itevicw of iiroIo?lc .ctircory. lo:. 
rius, iiiG 

SiirKlc.il aspect' of renal apene'I' rvUli refer- 
ence to Iijrpopla'tlc Hilne.v, renal .aj'lasla 
anti conccnltal alisence of 1 kliiney, ObC 


Hallman. F. A.: filapnosls of .'nrnlcal tnber- 
culosls: comparison of dlairnn'l' l>y I'locu- 
lation of pulnea-plcs and by culture. liS 

Hamby, W. B. : Treatment of pul'atini: exopli- 
tbalmos witli report of 2 cases. Cid 

Harrey, S. C. : EtTect of complete and partl.al 
stanatlon on rate of flhropl.asla In lic.illnK 
wound. StG 

Heath. A. B. : Elcctroba'o^rapblc metliod of 
recording palt, 92G 

Hemangioma of vertebra. SlO 

Hematoma, chronic subdural hematoma, ctlologj* 
and treatment, G20 

Henry, L. D. : Experimental chronic arthritis 
(synovitis) produced by intra-arilciilar in- 
jections of bacterial filtrates and other 
foreign proteins, 10C5 

Hepler, A. B. : Bcvlcw of urologlc surgery, 

602. 1146 

Herrmann. S. F. ; Double gallbladder ; report 
of case, 905 

Hicken, X. F. : Spontaneous renal and ureteral 
fistulas, S17 

Hicks, G. S, : Double gallbladder; report of 
case, 905 

Higgins, C. C] : Spontaneous renal and ureteral 
fistulas, 817 

Hinton, J. 'W. : Clinical consideration of gastric 
ulcer and carcinoma, 395 

Hip joint from roentgenologic standpoint, SOS 
"Whitman's reconstruction operation on, 07- 

Hoires, E. L. : Effect of complete and partial 
starvation on rate of fibroplasia in healing 
wound, S46 

Hu, C. H. : Osteochondritis of head of femur, 
experimental study, G45 

Huggins, C. B.: Bone and calculi in coIlectUig 
tubules of kidney, 203 

Hunt, G. H. : Combination avertin-ether rectal 
anesthesia ; experiments on animals, 960 

Hydronephrosis, 410, 1157 

Hyndman, 0. R. : Carcinoma of lip : clinico- 
Pathologic analysis of 77 cases and sug- 
gestion for rational plan of treatment, 250 


Ileus: See Intestines, obstruction 
Infant, cerebral injuries at birth, 973 
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jgg ‘“ataa (in vivo) by means of viosterol, 

’ special relation to insignificant 
and fancied lesions of tongue, 306 

^P'®®tjl®'*ronIc arthritis of spine, treatment of, 

hemangioma of vertebra, 810 
epondylollsthesls and prespondylolisthesis, 363 
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wound 64^® fibroplasia in healing 


Stewart, y. W. : Radloscnsltlvlty of tumors, 
*?70 
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